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Preface 

In writing a book of this kind, the author's only excuse 
is to make simple and plain the means of identification 
of most of the common ores and minerals. At present 
there are few, if any, elementary books on this subject, 
fitted for men who have little or no training in chemistry 
or mineralogy or for practical men away from the labo- 
ratory. This book is intended to be used in the field, and 
has been written with that in view. It was written for 
practical miners, mining students, and others not familiar 
with mineralogy, but who are interested in minerals 
either from a practical standpoint or for self-culture. 
That the book is elementary is self-evident; but regard- 
less of its elementary character, it is meant to be prac- 
tical and useful to those using it with care. The author 
has endeavored to put into it only the vital material on 
t each mineral, but to leave out nothing that would be help- 
ful to the mining man, and that would be thoroughly 

understood by him in the rapid and easy determination of 
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the minerals. If this Uttle work will be of assistance to 
the men for whom it was written, the author will be well 
repaid for his efforts. 

Originality is not claimed for this book, as there is 
very little new material in it. It is more the putting into 
shape that which is already known, so that any one can be 
benefitted by it. 

The basis of this book is a series of articles on the 
"Determination of Common Ores and Minerals," by the 
author, which appeared recently in the "Mining World/' 
of Chicago. 

University of Montana, Missoula. 

June 25, 1910. 
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Chapter I 

GENERAL INTRODUCTION 

The object of the discussion in this text is to give a 
few special or characteristic features or tests for the more 
common ores and minerals that will enable the mining 
student, miner, prospector, or other persons, not skilled 
in mineralogy or chemistry, to determine each common 
ore or mineral, by simple physical tests, with some degree 
of accuracy. The writer realizes the number of splendid 
text-books on mineralogy that are now published; but from 
his long experience with mining students, miners and 
prospectors not familiar with scientific methods, and 
with other college students, in this kind of work, he also 
realizes that there is ample room for a simple scientific 
work on the ores and minerals, of more or less economic 
value; and hence the excuse for thus taking up this sub- 
ject as it is here discussed. 

The determination of the ores and minerals will be 
based primarily upon their physical properties; and 
a few of the characteristic properties of each mineral 
will be given. Also the general mode of occurrence 
and commercial value of each mineral will be briefly 
discussed. 

Before taking up the description and tests of the 
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8 PRACTICAL MINERALOGY SIMPLIFIED 

ores and minerals, according to their physical proper- 
ties, a brief explanation of these properties will be 
given. 



PHYSICAL PROPERTIES OR CHARACTERISTICS OF MINERALS 
OR TERMS USED IN THE DESCRIPTION OF MINERALS 

TastCy Smell, Touch, or Feel, — Many minerals have a 
peculiar feel or touch, such as soapy, like talc, soapstone, 
or clay. Others have a distinct taste, but only minerals 
that are soluble have a taste. Some of these tastes are 
astringent, or like alum; saline, like salt; bitter, like epsom 
salts, etc. Also a mineral that is volatile, i. e,, goes off 
in the shape of gas, either by heating or otherwise, has 
an odor. Some of these odors are garlic, like that given 
by arsenic and its compounds when heated; sulphurous, 
or like the smell of burning sulphur; fetid, or like decay- 
ing eggs; and argillaceous, or like clay. These properties 
are sometimes very characteristic of certain minerals 
and greatly assist in their determination. 

Specific Gravity is the comparison of the weights of 
equal volumes of water and other substances. This is 
usually looked at as the comparative weights of minerals of 
the same size, thinking of the weight of an equal amount 
of water. Most metal compounds or ores have a high 
specific gravity, that is, they are said to be very heavy — 
for instance gold, galena, iron, copper, chalcocite, etc. 
The minerals having little or no metal in their makeup 
or composition, are generally light, i. e., they are much 
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lighter than the metals, but from two to three or four 
times as heavy as water. 

Hardness, — In the determination of minerals, hardness 
is of prime importance. It is the resistance of the surface 
of a mineral to abrasion, or being scratched. In obtain- 
ing the hardness of minerals, generally all that is required 
is the thumb nail, a penny, and a knife, and sometimes a 
piece of quartz. Those common minerals and ores that 
are not scratched by quartz are quite few, and generally 
possess other characters that will enable one to identify 
them. In obtaining the hardness of a mineral, especially 
if one mineral is used upon another, care must be taken 
not to mistake the streak of the softer mineral on the 
harder for the real scratch. After the supposed streak 
or cut is made, rub the hand over the place to make it 
free from any fine mineral, and run the finger nail across 
the line. If it has been cut by the other mineral, a slight 
notch will be easily detected. 

The scale of hardness generally used is as follows: 

1. Talc or Graphite — Easily scratched by the finger 
nail. 

2. Halite or Gypsum — Can be scratched by the finger 
nail, or by a penny. 

3. Calcite or Copper — Cannot be scratched by the 
nail, but is easily scratched by a knife, also by a 
penny. 

4. Fluorite — Scratched by knife, but not by a penny. 

5. Apatite — Scarcely scratched by knife, but this min- 
eral will scratch Fluorite. 
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6. Orthoclase (Feldspar) — Cannot be scratched by 
knife, but scratches glass. 

7. Quartz — Cannot be scratched by a knife, but 
scratches Orthoclase. 

8. Topaz — Will scratch Quartz. 

9. Corundum — ^Will scratch Topaz. 

10. Diamond — Will scratch Corundum, and is scratched 
by nothing. 

Fracture and Cleavage, — When minerals break they 
either assume regular or irregular forms. The break- 
ing, along certain definite lines is called cleavage, while 
the breaking along indefinite lines is called fracture. 
Cleavage Terms: 

Eminent, like mica. 

Perfect, like calcite or galena. 

Less perfect, like orthoclase feldspar. 

Imperfect, like garnet. 

Absent, like quartz. 
Fracture Terms: 

Conchoidal, or shell-like, like flint. 

Splintery, like serpentine. 

Hackley, sharp-pointed like glass. 
Minerals are said to be: 

Brittle, when they are easily broken. 

Sectile, when easily cut. 

Malleable, when easily pounded into sheets. 

Ductile, when easily drawn into wire. 

Friable, when easily crushed. 
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Elastic, easily bent and fl)dng back. 

Flexible, easily bent. 
The lustre of minerals is of two kinds: the metallic 
and the non-metallic lustre. The property of reflecting 
light is called lustre. 

The metallic lustres are named after the metals they 
resemble. The non-metallic lustres are: 

Vitreous, like glass or quartz. 

Resinous, like resin or sphalerite. 

Waxy, like talc. 

Opalescent, like opal. 

Nacreous, like pearl. 

Adamantine, like diamond. 
The color of minerals is always obtained by getting a 
fresh fracture or surface. 

The streak of a mineral is another important feature in 
its determination. It is obtained from the mineral pow- 
der, or soft mineral, and is generally gotten by using a 
small piece of unglazed porcelain, known as a streak plate 
or stone. The bottom of an unglazed white porcelain 
dish may be used to good advantage. In order to obtain 
the streak of any mineral, a fresh piece is taken and rubbed 
fairly hard for a few times across a streak stone. If much 
powdered material remains on the stone where the streak 
is, brush it off carefully with the finger, when the char- 
acteristic color of the streak will be shown. 

Flame Colorations, — When certain elements are heated 
in a flame, sometimes by means of scraping the fine min- 
eral into the flame^ and sometimes by heating the tip of a 
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very thin piece, they impart to the flame certain definite 
colors. This flame color is usually the same for the 
same element, and few elements have the same flame 
color. For instance, copper gives a very characteristic 
emerald-green flame color. In whatever mineral it is 
found, especially if in the conmiercial copper ores, this 
emerald-green flame color will be given. It may be 
obtained generally by using an ordinary candle flame; 
but better, of course, by using the alcohol-lamp flame. 

The table following gives some of the most important 
flame colors. 

SOME OF THE MOST IMPORTANT FLAME COLORS 



Color 



Element 



Remarks 



Red (crimson, deep) 


Lithimn 


All lithium materials 


Red (crimson, light) 


Strontium 


Strontianite 


Red (yellowish) 


Calcium 


Calcite 


Yellow 


Sodium 


Halite (common 
salt) 


Green (yellowish, 


Barium 


Barite or heavy spar 


light) 






Green (yellowish. 


Molybde- 


If in the form of 


darker) 


num 


molybdenite or with 
oxygen 


Green (bright) 


Boron 




Green (pale bluish) 


Phosphorus 




Green (Emerald) 


Copper 


All copper minerals 
or ores 
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Green (pale) 


Tellurium 




Green (bluish) 


Zinc 




Blue (azure) 


Copper 
chloride 




Blue (azure) 


Selenium 




Blue (pale azure) 


Lead 


Tinged with green in 
the outer parts 


Blue (pale) 


Arsenic 




Blue (greenish) 


Antimony 





Oftentimes, by the addition of muriatic acid to the ore 
or mineral, the flame color may be better and more easily 
gotten. When used with the copper ores, however, it 
makes the outer flame blue instead of green, but the inner 
flame will still be green. 

In the succeeding discussion these properties of minerals 
will be used quite freely, and will be the means by which 
identification of one mineral from another will be made. 
Only the characteristics that have heretofore been given 
will hereafter be used, and it is hoped that by knowing, 
or getting, a few distinct properties of a mineral, its real 
identity may be known. In this discussion the ore min- 
erals, owing to their greater importance, will be taken up 
first. The plan is to give the most important ores of the 
various metals and semi-metals in groups of these metals, 
such as the gold ores, silver ores, lead ores, etc., followed 
with the ore minerals,* while the non-metallic minerals 
will be discussed in alphabetical order. 



Chapter II 
GOLD AND SILVER ORES 

GOLD ORES 

The gold ores that are found in large enough quantities 
to be commercially valuable are few in number, 
and only in a few localities, like Cripple Creek, are they 
of much importance. The principal gold ores are syl- 
vanite, calaverite, petzite, krennerite, and nagyagite. 
There are other ores, but these have first rank in impor- 
tance. It is rather a difficult task to distinguish all of 
these minerals one from the other, but the first four gold 
ores, generally speaking, are rather soft, probably not 
going above three in hardness. They have a brass- 
yellow to silver-white color, and are very heavy, being 
from eight to ten times heavier than water. They may 
be melted in a candle flame, and if they are heated 
or roasted in live coals, all of the material but the 
malleable, sectile, yellow gold, escapes. This is con- 
sidered a very good test, and may easily be made. 
In case one wishes to determine the different gold 
minerals, the following special characters of each will 
be of material assistance. 

Native Gold. — Probably very few people ever make a 
mistake upon the determination of gold, but as some have 
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done ^nd yet do, a few simple tests will be given that 
will enable one to practically always tell this element. 

The metal is, of course, yellow in color, especially if 
anywhere near pure. It also has a yellow streak. It is 
very malleable, and can be cut with a knife. Its specific 
gravity is from 15 to 19, depending upon its purity. 
It sometimes resembles pieces of yellow mica, but mica 
will scale off, or has a good cleavage, and is not malleable. 
It also somewhat resembles chalcopyrite, but chalcopyrite 
is brittle, and gives a green flame. Gold is also taken for 
pyrite or iron pyrites, but the latter is quite light in color, 
and light in specific gravity when compared with gold, 
and is brittle. Iron pyrites, when ground up fine and 
roasted for some time, will become magnetic. Of course, 
none of these tests will apply to gold, with the probable 
exception of the color; as gold containing a good percent- 
age of silver inclines to a whitish color. Besides both 
pyrite and chalcopyrite when pulverized and heated in a 
candle or alcohol-lamp flame, will yield the odor of burn- 
ing sulphur. 

Sylvanite. — This ore is one of the gold tellurides, and 
is sometimes called graphic tellurium, on account of its 
resembling written characters, on the cleavage surfaces 
of other minerals. It has a color and streak that is gen- 
erally steel-gray to silver- white, but is sometimes yellowish. 
Hardness, 1.5 to 2. Specific gravity, generally 8 or 
slightly above, i, e., eight times heavier than water. It is 
very brittle, and it has a metallic lustre. This ore in small 
pieces fuses in a candle flame, and sometimes imparts 



l6 PRACTICAL MINERALOGY SIMPLIFIED 

a bluish-green color to it. Sylvanite is a first-class ore 
mineral, and often contains more or less silver. 

Calaverite. — A gold, silver telluride. Specific gravity, 
9. Hardness, 2.5, or nearly the same as sylvanite. Color, 
bronze-yellow, but not pronounced. Streak, gray. Other 
properties or tests practically the same as for sylvanite. 
It generally contains more gold than sylvanite and 
hence the higher specific gravity. 

Petzite. — Another gold, silver telluride. Specific grav- 
ity, 9. Hardness, 2.5 to 3. Color, iron-gray with a 
gray streak. Slightly sectile. This ore is also easily 
fusible, but it does not melt as easily as sylvanite. Other 
tests practically the same as for sylvanite. 

Krennerite. — Another ore composed of gold, silver, 
and tellurium. This ore is very much like sylvanite in 
almost every way, and is very hard to distinguish from 
sylvanite. It is, however, slightly harder, but generally 
not enough to make much difference. All of the tests 
applied to sylvanite may be applied to this mineral, and 
with the same results. To the person looking for gold, it 
is enough to know that it is gold ore, and very rich in the 
yellow metal, and the general fusibility test is ordinarily 
sufficient to determine this fact. 

NagyagUe. — This mineral has rather a complex com- 
position; while containing gold and tellurium, it also has 
m its make-up antimony, sulphur, and lead. It is black- 
ish-gray in color, has a black streak, and is about 7 in 
specific gravity. It is quite soft and easily fusible. 
Lustre, metallic. 
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It is enough to say that the first four gold ores given 
here are the most important, and may be distinguished 
quite readily, as before stated, by their being very heavy, 
by their being quite soft, and by all of them being made 
yellow by heating, i. c, reduced to metallic gold. 

SILVER ORES 

There are many more silver ores than gold, and in the 
United States they are found in many more localities, in 
commercial quantities, than are the gold ores. The 
following nine silver ores only will be discussed here: 
Argentite, stephanite, hessite, stembergite, cerargyrite, 
stromeyerite, proustite, polybasite, and pyrarg)nite. In 
general it may be said of these ores that they are all soft, 
not going above 3 in the scale of hardness; all are very 
easily fusible; all have a fairly high specific gravity; and 
all but two (cerargyrite and proustite) have metallic 
lustres. 

Native Silver. — Silver, like gold, is seldom found pure 
in nature, the native silver is generally more or less 
alloyed with gold, copper, mercury, platinum, etc. It is 
silver-white, malleable, sectile, with a metallic lustre, 
silver-white streak. Hardness, 2.5 to 3, and specific 
gravity, 10 to 11. It is generally determined by its color, 
specific gravity, and malleability. It resembles zinc 
somewhat, but zinc rarely occurs native. Silver tar- 
nishes readily when exposed, and very much resembles 
copper. It may be readily distinguished from copper. 
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however, by its streak, and of course, if fresh surfaces 
can be obtained, by its silver-white color. 

Argentiky or Silver Glance. — ^Argentite is a blackish 
lead-gray mineral, with a shining lead-gray streak, and 
a specific gravity of 7.3. Its hardness is 2 to 2.5, and 
the ore is highly sectile and somewhat malleable. It has 
a composition of silver and sulphur, metallic lustre, and 
is easily fusible. This ore may be distinguished by being 
easily cut with a knife; by being slightly malleable, and 
by yielding a globule of silver when roasted for some 
time in a rather hot fire. In the process of fusion, it 
generally swells and puflFs up before yielding the silver 
globule. 

Stephanite. — ^This is a high-grade silver ore, having 
about 68.5 per cent, silver in its composition. It also 
contains antimony and sulphur. Stephanite has an 
iron-black color and streak, and a metallic lustre. Hard- 
ness, 2 to 2.5; specific gravity, 6.3. Fuses easily. It is 
found in many places, both in the United States and 
other countries, associated with other ores of silver. It 
may be recognized as a silver ore, and probably as the 
mineral itself, by its specific gravity, color, streak, and 
fusibility. When this mineral is pulverized to a fine 
powder, roasted for some time in a hot fire, the antimony 
and sulphur will escape, leaving a metallic silver globule. 

Hessite. — Hessite is a silver telluride, and sometimes 
contains gold and runs almost to petzite. It has a steel- 
gray color and gray streak. Its specific gravity is about 
8.5, and hardness, 2.5 to 3. It is somewhat sectile, easily 



GOLD AND SILVER ORES IQ 

fusible, and has a metallic lustre. If this mineral is 
pulverized and roasted for some time, with common 
baking-soda, a globule of silver will be the result. 

In many of these tests to obtain the free metal by 
roasting, a blowpipe and charcoal should be used, if pos- 
sible, as much better results could and would be obtained. 
However, the writer believes that one will be quite suc- 
cessful in the determination of most of the ores and min- 
erals by simply using the streak stone, knife, penny, the 
finger nail, muriatic acid, the flame color, the fusion tests, 
and careful observations of all the properties obtained 
from the mineral 

Sternbergite, — Stembergite has a brilliant metallic 
lustre, pinchbeck brown color, perfect cleavage with thin 
pieces flexible, and makes a mark on paper like graphite 
or lead pencil. Streak, grayish-black. Hardness i to 
1.5. Specific gravity, 4.2. Its composition is silver, iron, 
and sulphur. Easily fusible. If roasted for some time 
it melts and leaves a magnetic globule. If roasted with 
borax or soda, especially with a blowpipe on charcoal, it 
will give a globule of silver. This ore may be recognized 
partially by its physical properties, and can be distin- 
guished from the other silver minerals by giving a mag- 
netic globule when roasted, and by yielding a silver globule 
by roasting with a flux. This ore is rarely found in the 
United States, but when it is found it is associated with 
pyrargyrite, stephanite, etc. 

Pyrargyrite, or Ruby Silver Ore. — P5n-argyrite, like 
proustite, is known as ruby silver, inasmuch as both ores 
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are red. The former has a dark red color, while the 
latter has a light red color. This mineral is brittle, 2.5 
in hardness, 5.8 in specific gravity, and gives a purple-red 
streak. It has a slightly different composition from 
proustite, having antimony instead of arsenic a*^ one of 
its chief constituents. This mineral is easily fusible and 
hard to distinguish from proustite. Practically the only 
physical means of its determination, when compared with 
proustite, is by its color. 

Cerargyrite. — ^This mineral is also known as horn silver. 
The color is pearl-gray when fresh, but turns violet- 
brown upon exposure to Ught. It is composed of silver 
and chlorine, and is highly sectile, or very easily cut, 
much resembling wax. It has a resinous lustre, grayish- 
white streak, and is very soft, having hardness of from 
I to 1.5. Its specific gravity is 5.5, and it is very easily 
fusible. This is a good ore of silver and is generally 
found in the upper part of veins, associated with other 
ores of silver. It may be recognized, generally, by its 
color, weight, wax-like appearance, and fusibility. 

Stromeyerite, — ^This mineral is not of much importance 
as a silver ore. It is found, however, in several localities 
in the United States and in other countries, generally 
associated with other silver or copper ores. It has a 
general composition of silver, copper, and sulphur. The 
color and streak are dark steel-gray. It is 2.5 to 3 in 
hardness and over 6 in specific gravity. It has a metallic 
lustre and is easily fusible. Its color, specific gravity, 
and low fusibility will probably enable one to deter- 
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mine it as a silver mineral if not to determine the mineral 
itself. This mineral will give a green copper flame, but 
its fusibility and hardness will generally throw it out of the 
common copper ores. 

Proustite or Ruby Silver, — ^The color of this ore is scarlet. 
Streak, aurora-red. Hardness, 2 to 2.5. Specific gravity, 
5.6. It is easily fusible, and has a conchoidal fracture. 
When roasted with soda it will )deld metallic silver. 
Generally this mineral may be told by its color, hardness, 
streak, fusibility, and yielding the silver globule with soda. 
It is foimd in several localities in the United States and 
other countries. 

Polybasite. — ^This is a very high-grade silver ore, yield- 
ing about 75 per cent, silver. It is composed of silver, 
antimony, and sulphur. Hardness, 2 to 3. Specific 
gravity, 6 or above. Lustre metallic. Color of the mas- 
sive is iron-black, but cherry-red in small, thin pieces. 
Streak, black. Easily fusible. It is rather difficult by 
physical characters to determine this mineral. How- 
ever, its color, both massive and in thin splinters, its 
streak, fusibiUty, and specific gravity, will generally dis- 
tinguish this mineral from many others. This will at least 
throw the mineral in the silver group. 

In concluding the gold and sliver ores, it should be 
again stated that they are not very difficult to deter- 
mine as to the group, but the individual minerals are 
generally hard to distinguish, in every case, one 
from the other, by their simple physical characters. Enough 
has been given, however, to enable one, by simple and 
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easy tests, to recognize the gold and silver ores; and this 
is generally all that is required to make a miner or pros- 
pector proficient in locating such ore bodies, and proving 
that the minerals belong to one or the other of these 
groups. 



Chapter III 

COPPER ORES 

There are a great many copper ores, and they are 
scattered far and wide over the face of the earth. How- 
ever, the number of localities where copper is mined with 
profit is not great. Not all of the copper minerals are 
considered as ores, and only the most important economic 
minerals will be here considered. Most copper ores, like 
the ores of other metallic elements, have a certain place 
in the vein formation or deposits, and also have certain 
definite properties that distinguish them from other ores 
as a group. Generally speaking, the copper ores are not 
very hard, all being scratched by a knife. Most of them 
have a specific gravity above 3. This is not true of all, 
but it is true of the first-class ores, and is true of a great 
majority of the ores that will be discussed here. All of 
the ores will give a green-colored flame when the mineral 
is scraped oflF by a knife into a candle or alcohol-lamp 
flame* They are practically all soluble in nitric acid, 
giving a green color to the solution; if ammonia be added, 
a blue color will be the result. Sometimes a considerable 
amount of ammonia has to be added, and then only a 
faint blue is detected; this is, of course, true only of min- 
erals containing a small amount of copper. The ores 
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that will be studied all yield a deep blue after ammonia 
is added to the nitric-acid solution. A test of this kind 
is easily made, provided one has the acid and ammonia 
handy; but for most of the copper minerals, the flame 
color is sufficient. , 

Native Copper. — ^This mineral or native element is 
found in many locaUties in small amoimts, and in a few 
places in large enough quantities to be of commercial 
value. It is found as crystal forms, as wire copper, also 
tree-like, massive, and as sand. It has a copper-red color, 
metallic lustre, streak reddish metallic. No cleavage 
but a hackly fracture. Specific gravity 8.8. Hardness, 
2.5 to 3. Highly ductile and malleable. Copper fuses 
quite easily. It is soluble in muriatic acid, and gives the 
characteristic green flame color. It is generally dis- 
tinguished by its reddish color, softness, being easily cut, 
and its green flame color. It is found in veins and beds 
with other ores of copper, more especially azurite, cuprite, 
malachite, etc., to which it readily alters when exposed 
to the action of the weather, or rain water seeping down 
through veins or beds. The Lake Superior region is the 
greatest native copper district in the world. Some huge 
masses of native copper have been found here weighing 
upwards of 400 tons or more. It is found quite abun- 
dantly in igneous rocks; also in sandstones and a few 
other rocks. 

Chalcocile. — This ore is composed of copper and sul- 
phur, and is sometimes called copper glance. It has a 
blackish, lead-gray color and streak. The color often 
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changes, upon exposure, to a dull bluish or greenish hue. 
Metallic lustre. Brittle to sectile. When cut by a knife 
it leaves a smooth surface. Hardness, 2.5 to 3. Specific 
gravity, 5.7. Fracture conchoidal. Like the other cop- 
per ores chalcocite gives the green flame color, when the 
fine mineral is scraped into the lower part of a candle 
flame. Chalcocite is generally distinguished from enar- 
gite and tetrahedrite, two other copper minerals, which 
it resembles, by its being slightly sectile or cuts smooth, 
while both the other minerals are very brittle and do not 
cut smooth. Enargite gives the garlic odor of arsenic 
when the powdered mineral is scraped into the candle 
flame; chalcocite does not. Tetrahedrite has a black 
streak and is very brittle; chalcocite has a dark gray 
streak and when cut leaves a smooth surface. All three 
of the minerals give the green copper flame. Chalcocite 
may be reduced to metallic copper by being pulverized 
and carefully roasted on charcoal at a low temperature, 
and then by using a blowpipe or roasting it with a higher 
temperature so that the air cannot get to it. This process 
without the blowpipe is rather difficult to perform. How- 
ever, the other tests are sufiicient to determine the mineral. 
Chalcocite is fovmd in many localities, and is one of the 
best copper ores. It generally occurs in the upper part 
of the copper deposits. 

Chakopyrite {copper pyrites). — ^This mineral is com- 
posed of copper, iron, and sulphur, and is one of the most 
important copper ores. It is found in practically all of 
the copper districts, and is the most abundant primary 
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copper mineral. Chalcopyrite occurs generally as a 
massive compact mineral, but sometimes as crystals. It 
has a brass-yellow color. Metallic lustre. Streak green- 
ish-black. Hardness 3.54 to 4.' Specific gravity, 4.2. 
Brittle. Cleavage not very distinct. Fracture vmeven. 
When pulverized and roasted for some time it becomes 
magnetic. If roasted with sodium carbonate, especially 
with a blowpipe, it will yield a globule of copper con- 
taining iron. Chalcopyrite gives a green flame color. 
This mineral is sometimes mistaken for iron pyrites, 
and also gold. It may be recognized from iron pyrite 
by its being much softer; by its copper-green flame color, 
and by its deeper yellow color. It may be distinguished 
from gold by its being quite brittle, while gold is mal- 
leable; generally by its flame color and by its having a 
black streak. Chalcopyrite often tarnishes, upon exposure, 
to a bluish or purplish color. Neither of the other min- 
erals does this. Its chief characteristics are its color, 
hardness, flame color, and brittleness. 

Bornite {horse-flesh ore). — ^This is sometimes known as 
"horse-flesh" ore, and also purple copper ore, or peacock 
ore. It is composed of copper, iron, and sulphur, the 
same elements that make up chalcopyrite but not the 
same amounts of each element. It contains a little over 
63 per cent, copper, while chalcopyrite contains 34.5 per 
cent. This ore is not so widely distributed as chal- 
copyrite, but on account of its high copper percentage 
it is a very valuable ore of copper, when fovmd in large 
enough quantities to be worked. The color is dark 
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copper-red or reddish-brown on the face of a fresh frac- 
ture. It tarnishes quite readily to deep blue and purple, 
generally mixed. Bomite is sometimes crystallized, but 
is generally found in the massive state. Streak grayish- 
black. Metallic lustre. Little or no cleavage. Fracture 
imeven, sometimes slightly conchoidal. Hardness 3. 
Specific gravity about five times that of water. Brittle. 
Bomite is often closely mixed with chalcocite, but may be 
distinguished from it by its reddish color on the freshly 
fractured surface, by its becoming magnetic when the 
pulverized mineral is roasted for some time, and also by 
its being more brittle than chalcocite, or by its not cutting 
to a smooth surface. Like other copper minerals, it gives 
a green flame color. It occurs with other copper ores, and 
in some localities is the principal copper ore. 

TetrahedrUe, — ^Tetrahedrite is also known as gray 
copper ore, and is composed of copper, antimony, and 
sulphur, yielding about 52 per cent, copper. The ore is 
not widely distributed in large quantities, but is foimd in 
many localities. It is sometimes mined for copper and 
sometimes for silver. Color light to dark gray, also iron- 
black. Streak generally like color, but occasionally red- 
dish brown. Lustre metallic, often brilliant. CJenerally 
compact or massive. No cleavage. Fracture vmeven. 
Hardness, 3 to 4. Specific gravity, 4.4 to 5. Brittle. 
Gives the copper flame color. Pops and breaks, or 
decrepitates, when heated. If pulverized and roasted 
with sodium carbonate it will yield a globule of metallic 
copper. When tetrahedrite is roasted on charcoal before 
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a blowpipe it fuses and coats the charcoal a white color 
near the mineral. The mineral is distinguished from 
chalcocite and enargite, as before stated; from bournonite 
by being much harder, and from magnetite by being 
much softer and not being magnetic. Tetrahedrite some- 
times contains arsenic, but generally in not suflBcient 
quantities to give the arsenic odor when the powder is 
scraped from the mineral into the candle or alcohol-lamp 
flame. Enargite will give the characteristic arsenic odor 
when thus treated. There are several varieties of tetra- 
hedrite, but it is generally sufficient, for all practical pur- 
poses, to be able to determine that the mineral is tetra- 
hedrite, or more often that it is a copper ore of some 
value. 

CovellUe. — Covellite is also known as indigo-copper, 
owing to its dark blue color. It is a secondary ore, prob- 
ably having been derived from chalcocite, with which it 
is often mixed. It is composed of copper and sulphur, 
having about 66.5 per cent, copper. It generally occurs 
in the massive state, but sometimes in the form of crys- 
tals. The color is indigo-blue. Lustre inclining to resi- 
nous or pearly on the cleavage surfaces of the crystals, and 
nearly resinous on the surface of the. massive pieces. 
Perfect cleavage. Streak, gray to black. Hardness, 1.5 
to 2. Specific gravity, 4.6. Slightly flexible in thin pieces. 
The reactions or properties, otherwise, are practically the 
same as for chalcocite, and it is generally distinguished 
from chalcocite by its color, also by the blue flame it 
gives when heated on charcoal. The mineral is not of 



COPPER ORES 29 

great importance as an ore of copper, and it is not found 
in a wide range of localities. It sometimes resembles the 
tarnished pieces of bomite, but bomite gives the reddish- 
brown color on a freshly fractiu-ed surface. 

Cuprite. — Cuprite is a secondary mineral of copper, 
being composed of copper and oxygen, and yielding nearly 
89 per cent, copper. It is generally found in the upper 
portion of copper veins, especially where the surface 
water has percolated through the ore. It is a high-grade 
ore, and, when fovmd in large enough quantities to mine, is 
very valuable. The ore is not found below the water 
level, and is generally only valuable in mines that are 
newly opened. The ore has generally a red color, and is 
often called ruby copper ore, or red copper ore. Streak, 
various shades of red. Lustre, adamantine to sub- 
metallic. The mineral is found many times as small 
crystals, also massive and earthy like. Cleavage is not 
very distinct. Fractiu*e uneven. Hardness, 3.5 to 4. 
Specific gravity about 6. Brittle. If a small piece of 
cuprite be held in a candle flame it will melt, and color the 
flame emerald-green. If pulverized and heated on char- 
coal, or in a porcelain dish, it will first blacken, then melt, 
and finally be reduced to a bead of metallic copper. This 
mineral is not very hard to distinguish from the other 
copper minerals. It may be taken for cinnabar, but 
cinnabar does not give the green flame color, and is much 
heavier. There are other red minerals, but the color of 
the flame of cuprite will almost invariably be enough to 
distinguish it from the others of similar color. 



30 PRACTICAL MINERALOGY SIMPLIFIED 

Atacamite, — ^Atacamite is one of the three common 
green copper minerals. It is composed of copper, chlorine, 
hydrogen, and oxygen, yielding from 55 to 60 per cent, 
copper. It is a secondary mineral, and is generally foimd 
in hot, dry, salty deserts, or where chalcopyrite has been 
exposed to the action of the salt water of some kind. It 
is commonly found in slender crystals; also massive and 
granular. The color of atacamite is generally a dark 
green, much darker than either chalcanthite or malachite. 
Lustre generally vitreous. Streak light green. Fairly 
good cleavage. Hardness, 3 to 3.5. Specific gravity, 
3.75. Brittle. It is soluble in acids; when heated on 
charcoal or sometimes in a flame it will give an azure-blue 
color with a green fringe. If heated enough, especially 
with a blowpipe on charcoal, it is possible to reduce the 
mineral to metallic copper. As before stated, atacamite 
resembles malachite, and also chalcanthite, or blue vitriol. 
It may be readily determined from malachite by not 
effervescing, or bubbling, when muriatic or hydrochloric 
acid is placed upon it. Malachite will effervesce if a 
drop or two of muriatic acid is placed upon it. Atacamite 
may be determined from chalcanthite by its taste. Ataca- 
mite has practically no taste at all, while the blue vitriol 
has a very peculiar, sickening taste. Chalcanthite does 
not effervesce with acids. Atacamite is associated with 
malachite, cuprite, and other secondary copper minerals, 
and is not found in many localities in the United States, 
The United Verde Mine, Jerome, Ariz., is probably the 
principal locality of this mineral in the United States. 
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Malachite. — Another secondary ore of copper, and one 
which, together with azurite,is found probably more widely 
distributed in nature than any other of the copper minerals. 
It is found with other copper ores and is an alteration 
product of them. It is not found below the water level, 
but in many places the mineral has been found in such 
large quantities that its mining has been found profitable. 
It is found as beautiful crystals, stalactites, in radiated 
nodules, and massive. It forms the leaching ore in many 
mines, and in several places extends below the surface for 
several feet. Color bright green. Lustre vitreous, some- 
times dull to earthy. Streak green, but paler than the 
color. Cleavage fairly good. Fracture imeven. Hard- 
ness of the massive 3.5 to 4. Specific gravity 4. Brittle. 
Soluble in muriatic acid with effervescence. Gives the 
green copper flame color. Blackens when heated. Its 
characteristic properties are its green color; effervescence 
with acids; green flame color, and practically no taste. 
Malachite is sometimes taken for atacamite, also for 
chalcanthite; but the difference given imder atacamite 
will also apply here. 

Azurite. — Similar in composition to malachite, but has 
a blue color. This mineral is very often closely asso- 
ciated with malachite and is found in the same locality 
in the vein. Color deep blue. Streak blue, but lighter 
than the color. Lustre vitreous. Hardness 3.5 to 4. 
Specific gravity 3.8. Cleavage fairly perfect and frac- 
ture conchoidal in a small way. The mineral is foimd 
as crystals, nodular, acicular or needle forms, massive 
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and earthy. Azurite is not an important ore of copper, 
and on account of its color is not hard to determine. It 
will give a green flame color, is soluble in muriatic acid with 
effervescence, has a blue color and streak, and is fairly 
soft. No other common mineral has these properties, and 
hence the distinguishing points of azurite. One not 
familiar with minerals might mistake azurite for aurichal- 
cite, as the latter will give the copper flame color, effer- 
vesces in acids, and sometimes has a blue color. However, 
aurichalcite, if blue in color, is very pale, while azurite 
is a deep blue; aurichalcite is softer and more vitreous 
than either malachite or azurite, and it does not effervesce 
as freely as the other two. One generally has little or no 
trouble determining azurite and malachite from the 
other minerals. 

Domeykite, — ^This is another copper mineral contain- 
ing arsenic. It is a high-grade copper ore, containing 
about 72 per cent, copper. However, the mineral is not 
found in many localities, and hence it is not an extremely 
important copper ore. Color tin-white to steel-gray, 
but readily tarnishes to a dark brass or brownish color 
upon exposure. Lustre metallic. It sometimes comes 
in nodular shapes, but is usually found massive. Hard- 
ness 3 to 3.5. Specific gravity is about 7.5. It has a gray 
streak and an uneven fracture, with little or no visible 
cleavage. It gives the copper flame color, and the arsenic 
odor when heated. It may be determined by its flame 
color, specific gravity, arsenical odor, and the color of its 
fresh fractiu-e. Algodonite is another mineral com- 
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posed of copper and arsenic, containing, nowever, more 
copper than domeykite, but having almost exactly the 
same physical properties, and practically impossible to 
determine it from domeykite. Whitneyite is still another 
copper arsenic mineral, with more copper than algo- 
donite, but having a silver-white color and streak, being 
malleable, with a hackly fracture, and of slightly higher 
specific gravity. None of these minerals are very valu- 
able as copper ores. While being high in copper, they 
do not occur in sufficient quantities in any one locality 
to make them of primary importance as a commercial ore. 
Tennantite. — ^This mineral is of very little importance, 
but is found with enargite, also tetrahedrite; and the gray 
copper of Colorado is considered entirely this mineral. 
Also much of the massive is said to occur in certain locali- 
ties in Utah. It is composed of copper, arsenic, and sul- 
phur, and is a secondary mineral; generally foimd as an 
incrustation on other minerals. Color lead-gray to iron- 
black. Streak black to deep cherry-red. Cleavage little 
or none, and fracture uneven. Metallic lustre. Hard- 
ness 3 to 4. Specific gravity 4.6. Quite easily fusi- 
ble. It will give the copper flame, and, when heated 
in the flame, gives the arsenic odor. It may be dis- 
tinguished generally from tetrahedrite by its arsenic odor 
when heated. However, it grades into tetrahedrite. It 
is distinguished from enargite generally by its being an 
incrustated mineral; and also by its lack of cleavage, as 
enargite has a good cleavage. Sometimes tennantite con- 
tains iron, also zinc and silver. 
3 
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Enargite, — This mineral is not so very widely distrib- 
uted throughout the copper districts of the world, but it 
has been mined in several places, and is the principal ore 
of a few localities. It is composed of copper, arsenic, and 
sulphur, yielding about 48.3 per cent, copper. Color 
grayish to iron-black. Metallic lustre. Streak grayish- 
black. Cleavage generally quite perfect. Uneven frac- 
ture. Hardness 3. Specific gravity 4.45. Brittle. It is 
generally massive, but sometimes in the shape of fine 
crystals. It gives the copper-green flame color; when 
heated, it pops and flies into pieces. If the mineral is 
powdered and heated it will give off both sulphiu-ous and 
arsenical fumes. The arsenic fumes, as stated, have the 
odor of garlic, and is very characteristic of this mineral. 
When enargite is powdered and mixed with sodivun car- 
bonate, and roasted for some time at a rather high tem- 
perature, it will yield a globule of metallic copper. As 
stated under the head of chalcocite, enargite resembles 
chalcocite, and also tetrahedrite, and is sometimes taken 
for these minerals. When heated, however, the arsenic 
odor will readily distinguish it from either of the other 
minerals. This mineral or ore is foimd with other copper 
ores, especially arsenates. It is one of the chief ores of 
the lower levels of many of the mines of Butte, Montana. 

Chalcanthite, — It is known as blue vitriol, and is com- 
posed of copper sulphate, giving about 26 per cent, copper. 
It is a secondary mineral, and is found in the waters of all 
mines which contain chalcopyrite. It forms on the mine 
timbers, either as fibrous incrustations, or as stalactites. 
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This mineral in solution in the mine waters has not been 
recovered until recently; but at present much copper is 
saved by "precipitating plants," or places where the 
water which is charged with this mineral passes over scrap 
iron, and precipitates, or deposits the native copper from 
the solution, upon the pieces of iron. The color is blue, 
sky-blue, and often greenish. Streak uncolored. Vitreous 
lustre. Practically no cleavage, but a slightly conchoidal 
fracture. Hardness 2.5. Specific gravity 2.2. Not very 
easily fusible. Is easily dissolved in water; gives a green 
flame color; has a sickening metallic taste; and is not acted 
upon to any extent by muriatic acid. It may be recognized 
from the other minerals it resembles, malachite and 
atacamite, by its taste and by being easily soluble in water. 
When exposed to the air for some time it becomes lighter 
in color, and turns to powder. 

TenorUe (Melaconiie). — ^This is another ore of copper 
and oxygen, similar to cuprite, but containing very much 
less copper in its make-up. It is, of course, a secondary 
mineral, and foimd principally as a black coating on chal- 
copyrite, or in volcanic regions, as black metallic scales. 
It is also found massive, and as a black powder. Color 
steel-gray to iron-black. Streak almost the same as the 
color, sometimes a little lighter. Lustre metallic to dull. 
Hardness 3 to 4. Specific gravity about 6. Hard to fuse, 
if at all fusible by ordinary means. The mineral will give 
a green flame color, and at times metallic copper 
may be obtained from it by heating the pulverized min- 
eral, mixed with sodium carbonate, for some time in a high 
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temperature. While this mineral is not rare, it is not an 
important ore of copper. It yields about 79.85 per cent, 
copper, and hence is a high-grade copper ore, and if fovmd 
in large quantities would be extremely valuable. 

Olivenite. — ^This is another copper ore containing 
arsenic, but it is not as decided an arsenic ore as the 
other three already discussed. It is often found in cir- 
cular or globular forms, and sometimes fibrous. The 
ore is not very important, but fairly rich in copper. There 
are several varieties, ranging from the fairly hard crystal- 
lized, to the soft, earthy kind. Color, various shades of 
green. Streak olive-green to brown. Cleavage only 
in traces. Fracture uneven. Lustre vitreous. Specific 
gravity 4.4. Hardness 3. Gives a green flame color. 
Soluble in nitric acid, gives the arsenical fumes when 
heated. It may be determined from the other green 
copper arsenic minerals by its vitreous lustre. The other 
copper arsenic minerals discussed have all metallic lustres. 
Olivenite may generally be determined by its color, lustre, 
arsenical fumes, and green flame. It is not an important 
copper ore. 

Bournonite. — This mineral is, more properly speaking, 
a lead ore, as it contains but 13 per cent, copper and 42^ 
per cent. lead. But as it contains a few per cent, copper, 
and resembles several of the copper ores, it is thought best 
to discuss it under the head of copper. The mineral is not 
very widely scattered in nature, and is not a primary ore 
of either copper or lead. It is composed of lead, copper, 
antimony, and sulphur. Color steel-gray to lead-gray, 
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sometimes nearly black. Streak steel-gray. Cleavage 
imperfect and uneven fracture. Lustre metallic, rather 
brilliant. Hardness 2.5 to 3. Specific gravity 5.8. 
Easily fusible. If dissolved in nitric acid it gives a green 
solution. Streak black. It may be determined from the 
other important lead ores that it resembles, by the absence 
of cleavage and the green flame color. It may also be 
determined from the copper ores which it resembles, by. 
means of its black streak, and dense white fumes when the 
powder is roasted for some time in a hot flame. If the 
blowpipe is used, and the mineral is roasted on charcoal, 
it will fuse easily and almost immediately coat the char- 
coal, around the mineral and near it, white; if heated, 
sometimes a yellow coating of lead oxide will be formed 
on the charcoal. However, the other tests, besides the 
one with the blowpipe, are sufficient to determine the 
mineral. 

Chrysocolla.-^This is another greenish, bluish copper 
mineral. The composition is copper and silica, and it 
is a secondary mineral found in the upper parts of veins, 
accompanying other copper ores. The mineral is not an 
important ore of copper, and is generally found as an 
incrustation, but never occurs in the crystal form. Color 
is generally green to light blue, but sometimes of a brown- 
ish hue, especially when iron is present. Streak of the 
pure mineral is white. The mineral is found as an incrus- 
tation, earthy, and sometimes botryoidal. Lustre vitreous, 
generally, sometimes earthy. Hardness 2 to 4. Specific 
gravity 2 and above. Brittle to rather sectile. This 
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mineral gives a copper flame, does not effervesce in acid; 
gives a globule of copper if the powdered mineral is 
heated on charcoal with sodium carbonate; is infusible in 
the ordinary candle flame, but turns black, then brown, 
and is not further changed unless heated with fluxes. 
This mineral might sometimes be taken for aurichalcite, 
also for smithsonite. However, it will not effervesce in 
either hot or cold acids, while both aurichalcite and 
smithsonite do. CJenerally characteristic tests for the 
mineral are its green flame color, its being easily cut, and 
its not effervescing in acids. 

So much for the discussion of copper ores. The writer 
believes that by carefully using the properties and tests 
as given above, most of the ores may be determined, at 
least the more important ones. The others, by the 
simple tests given, may at least be recognized as copper 
minerals, and by such determination or recognition much 
may be gained. 



Chapter IV 
LEAD ORES AND MINERALS 

There are several lead minerals found in nature, but 
few, however, are considered of any great importance as 
lead ores. The large commercial deposits generally con- 
tain more or less silver, and are not found in many states. 
Idaho, Missouri, Colorado, Wisconsin, Illinois, Montana, 
Kansas, and a few others, are the states from which most 
of the lead is produced. Of the lead ores, galena and 
cerussite are by all odds the chief ones. Speaking in a 
general way of the lead minerals, it may be said that 
practically all of them are rather soft, not going much 
above 3 in the scale of hardness. They are all heavy, 
generally being above 5 in specific gravity, and sometimes 
as high as 7.5 to 8. It is also true of all or nearly all of the 
lead minerals or ores that they fuse easily, and when 
pulverized and roasted with sodium carbonate, metallic 
lead is the result. All of them will give the light azure- 
blue flame color; and they vary in lustre from very metallic 
to very vitreous. The general tests for the determination 
of the lead minerals are their fairly high specific gravity; 
hardness, generally being quite soft; light blue flame 
color; easily fusible, and their ability of being reduced to 
metallic lead by roasting with sodium carbonate. This 
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latter is especially true if the ores and minerals are roasted 
on charcoal by using a blowpipe. 

Native Lead, — ^Native lead is found very sparingly in 
nature; so rare is it that it has no commercial value, 
except as museum specimens. It is reported to have been 
found in the United States in Colorado, Idaho, and 
Montana. When the mineral is found it seldom occurs as 
crystals, but generally as thin plates or globules. It has a 
lead-gray color and a lead-gray streak; metallic lustre; 
very malleable, and also slightly ductile; no definite 
cleavage, but a hackly fracture; hardness, 5; specific 
gravity 11.37; easily fusible; blue flame color. If one 
uses a blowpipe and charcoal, after the mineral fuses and 
is heated for some time, it leaves a yellow coating on the 
charcoal, a little distance from the mineral. The chief 
characters of this mineral are its weight, hardness, easily 
cut with a knife, easily fusible, and its color and streak; 
also its malleability. It might be taken for antimony, 
especially as regards color and fusibility, but antimony is 
brittle. By using the above tests there are no other 
minerals that will correspond to lead, and its identity is 
practically assured, provided care is taken in making and 
interpreting the tests. 

Galena, — Galena is composed of lead and sulphur, and 
is the most important lead ore. It contains 86.6 per cent, 
lead, and is quite often found in cubic crystals. Also 
massive with cubic cleavage, and granular. The ore is 
found in many localities, and is often associated with 
sphalerite, pyrite, and chalcopyrite. Color and streak 
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lead-gray; metallic lustre; cubic cleavage; fracture gen- 
erally even; easily fusible; brittle; hardness 2.5; specific 
gravity 7.5; soluble in muriatic acid, and gives the odor 
of sulphuretted hydrogen, or that of decayed eggs. It 
gives the blue flame when the mineral is scraped into the 
candle flame; also the odor of burning sulphur. When 
galena is pulverized, mixed with sodium carbonate and 
roasted, it yields a metallic lead button. Galena is some- 
times taken for specular or micaceous hematite. However, 
its being easily fusible and giving the odor of decayed eggs 
when a drop of muriatic acid is placed upon it, is enough 
to distinguish it from the iron minerals. Moreover hematite 
in any form will give a red streak, while galena does not. 
Galena is an important ore, and it is found in veins in 
many regions, generally in the older rocks. In the veins 
and beds in which it occurs it is found with the gangue 
minerals, calcite, fluorite, quartz, etc. Galena generally 
contains silver. 

CerussUe. — ^This mineral is sometimes called white 
lead ore, and is composed pf lead carbonate, having about 
78 per cent. lead. It often occurs as prismatic crystals; 
also sometimes granular, massive, and earthy. It is a 
secondary mineral, but is a very good lead ore. It is 
found in the upper parts of veins, and never below water 
level. It occurs with other lead minerals, and is an alter- 
ation of galena. The mineral is found in fairly large 
quantities in many places, and is especially abundant in 
the upper levels of lead mines. Color generally white, 
but oftentimes gray to grayish-black; streak uncolored; 
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lustre adamantine to vitreous; cleavage sometimes dis- 
tinct; fracture conchoidal; very brittle; hardness 3 to 3.5; 
specific gravity 6.5; fuses very easily; soluble in adds, 
with effervescence, especially if heated; gives the light 
azure flame color. If heated or roasted well with sodium 
carbonate, it will yield the metallic lead globule. This 
mineral sometimes resembles anglesite, but anglesite does 
not effervesce in acids, while this mineral does. Cerussite 
may generally be determined by its flame color; high 
specific gravity; effervescence with acids, and the yielding 
of a metallic globule. 

Anglesite, — Anglesite is another secondary mineral of 
lead, and is composed of lead, sulphur, and oxygen, or 
lead sulphate. It is generally the result of decomposition 
of galena, and is often found associated with it. It is 
found in several localities, but is not a very important ore 
of lead. It yields about 66 per cent. lead. As it is a 
secondary mineral, and results from the decomposition of 
galena in the presence of meteoric or rain water, it is 
naturally found in the upper part of lead-ore veins. Color 
generally white, sometimes tinged with yellow, gray, green, 
and sometimes blue; lustre vitreous, sometimes resinous, 
also highly adamantine; streak uncolored. This mineral 
is many times found as crystals, also massive, nodular, 
or stalactitic; transparent generally; hardness 2.75 to 3; 
specific gravity 6.3 to 6.9; easily fusible. Gives the 
light azure-blue flame when the mineral is scraped off into 
the candle flame. Gives the metallic lead when roasted 
with sodium carbonate; cleavage distinct; conchoidal 
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fracture; very Orittle. This mineral is generally char- 
acterized by its high specific gravity; adamantine or bril- 
liant vitreous lustre; cleavage; blue flame color; yielding 
metallic lead when roasted on charcoal with sodium 
carbonate; and its non-effervescing in acids. It resembles 
calamine, smithsonite, and cerussite, but the above tests, 
if carefully made, will generally enable one to determine 
this mineral from all others. Its only use is as a lead ore. 

Minium, — This mineral is sometimes called red lead, 
and is composed of lead and oxygen, yielding about 90 
per cent. lead. Minium is a secondary mineral associated 
with galena and sometimes with calamine. It occurs as a 
powder and sometimes as prismatic crystals. Color bright 
red mixed with yellow; streak orange-yellow; lustre dull 
or greasy; hardness 2.6 to 3; specific gravity about 4.6; 
easily fusible. If heated before a blowpipe or on char- 
coal with sodium carbonate, it will be reduced to metallic 
lead. When scraped into the flame a light azure-blue 
flame is the result. This mineral is not very widely known 
or distributed in nature, and its importance as a lead ore 
is practically nothing. The artificial material is sold as 
red lead, and has a fairly wide commercial use. The 
characteristic tests for minium are its color, specific gravity, 
lead flame color, fusibility, and also its occurrence in the 
powdered state. There are few other minerals that resem- 
ble it, and those that do may be quite easily distinguished 
from it by the above tests. 

Crocoite. — Crocoite is a mineral that very much resem- 
bles potassium bichromate, but is very much heavier. It 
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is not a common mineral, being found in very few places 
in the United States. It generally occurs in prismatic 
crystals. The amoimt of lead in crocoite is about 65 per 
cent. Color bright red; streak orange-yellow; lustre 
adamantine to vitreous; brittle, also sectile; cleavage 
somewhat distinct; fracture generally imeven; hardness 
2.5 to 3 ; specific gravity 6; easily fusible; gives a pale azure- 
blue flame color. If this mineral is heated in a small 
bottle or phial, or what is called a closed tube, it decrepi- 
tates or breaks up with a crackling, popping noise, turns 
black, but becomes red, or its original color, upon cooling. 
This mineral is not of much importance as an ore of lead. 
While it contains a large per cent, of lead, it does not occur 
in enough localities in large enough quantities to be of 
any great importance. This mineral does not resemble 
many minerals and its distinguishing points are its color, 
fusibility, specific gravity, flame color, and its being 
slightly sectile. 

Pyromorphite. — ^This is a lead mineral and found in 
many localities, but is not of primary importance as an ore. 
It is composed of lead, chlorine, phosphorus, and oxygen, 
and yields about 77 per cent. lead. It occurs with other 
lead minerals, and is probably an alteration product of 
galena. It is found as prismatic crystals, often in barrel- 
shaped forms, sometimes granular and fibrous. Color 
green, yellow-brown, and sometimes gray to white; 
resinous lustre; little or no cleavage; fracture uneven; 
streak white to yellowish; brittle; hardness 3.5 to 4; spe- 
cific gravity 6.5 to 7.1; fuses easily, coloring the flame 
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bluish-green. While this mineral fuses very readily, it is 
unlike the other lead minerals in being reduced to a brittle 
lead globule, either roasted or with sodium carbonate. 
It is generally characterized by its form, specific gravity, 
resinous lustre, flame color, and its not being reduced to 
metallic lead before the blowpipe on charcoal, or after 
being roasted thoroughly with a flux. 

Jamesonite. — This mineral is sometimes placed with the 
antimony minerals, the same as bournonite is sometimes 
classed as a copper mineral. Jamesonite is composed of 
antimony, lead, and sulphur, and is called "feather ore." 
It yields 50.8 per cent. lead. This mineral is scattered 
throughout nature to quite an extent, and occurs in several 
antimony mines in foreign countries. It is found in 
acicular crystals, but more often in capillary or radiated 
forms. Color steel-gray to dark lead-gray; streak grayish- 
black; metallic lustre; cleavage perfect; fracture uneven; 
hardness 2 to 3; specific gravity 5.5 to 6; brittle; fuses 
easily; decrepitates; gives the blue flame color. In a small 
bottle or closed tube, when heated, the mineral yields a 
dark red sublimate or coating on the sides of the tube; 
this sublimate is almost black while hot, but turns red 
upon cooling. Soluble in hot muriatic acid, and gives off 
hydrogen-sulphide gas, or the gas that has the odor of 
decayed eggs. Jamesonite resembles both galena and 
stibnite. It may generally be distinguished from galena 
by its cleavage, as galena generally has a cubic cleavage, 
by its streak, color, and specific gravity; and from stibnite 
by its yielding lead when Coasted with sodium carbonate 
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on charcoal, also by its streak, the streak of jamesonite 
being darker than that of stibnite; by its having a higher 
specific gravity than stibnite, and by its giving a yellow 
coating on charcoal when heated by a blowpipe. 

MimetUe, — ^This is quite a complex lead mineral, being 
composed of lead, arsenic, chlorine, and oxygen. It is a 
secondary mineral and closely resembles pyromorphite. 
The mineral also has crystals similar to pyromorphite, 
and sometimes occurs as an incrustation. Color of the 
mineral is generally pale yellow, also brown, and some- 
times white to colorless; streak white; lustre resinous; 
little or no cleavage and an uneven fracture; brittle; hard- 
ness 3.5; specific gravity 7 to 7.25; pale azure-blue flame 
color; very easily fusible; soluble in nitric acid. If 
roasted on charcoal for some time, especially if the heat 
does not allow the air to come in contact with the mineral, 
it may easily be reduced to metallic lead. This test is 
different from p)a*omorphite, as pyromorphite gives a 
brittle lead. When mimetite is roasted it will give the 
garlic odor of arsenic. Mimetite may almost always be 
determined by its color, specific gravity, azure blue flame 
color, arsenical fumes when heated, and its ability of 
being reduced to metallic lead. 

Zinkenile. — ^This mineral is as much of an antimony 
ore as it is lead. It is composed of lead, 35.9 per cent. ; 
antimony, 41.8 percent.; and sulphur, 22.3 percent. It 
is generally found in antimony mines, and occurs as 
crystals, columnar, fibrous, and massive. This mineral 
is not an important ore of either lead or antimony, as it 
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is not found in large enough quantities. Color and streak 
steel-gray; lustre metallic; no distinct cleavage and uneven 
fracture; hardness 3 to 3.5; specific gravity 5.30; brittle; 
it gives the light azure-blue flame color. When heated 
before the blowpipe on charcoal it decrepitates, fuses 
quite easily, volatilizes; yielding white fumes and forms 
a yellow and white coating on the charcoal. If the min- 
eral is pulverized and mixed with soda and heated for some 
time, it will be reduced to metallic lead. Soluble in 
muriatic acid, and gives hydrogen-sulphide gas, which 
has the odor of decayed eggs. Zinkenite is generally dis- 
tinguished from other minerals, except jamesonite, by its 
specific gravity, flame color, streak, action on charcoal, and 
its being reduced to metallic lead when heated with soda. 
By ordinary methods and tests it probably cannot be dis- 
tinguished from jamesonite, but it can be fairly easily 
determined from other minerals, and thrown into the lead 
or antimony group. 

Massicot, — This is another lead oxide, having 92.8 per 
cent, lead in its composition. The mineral is sometimes 
massive with a scaly structure, but more often earthy. 
It is found in several foreign countries, and in one or two 
localities in the United States. It is not a very impor- 
tant mineral. Color sulphur to reddish-yellow; streak 
lighter yellow; lustre dull; no cleavage or fracture; hard- 
ness 2; specific gravity 7.8 to 8; sometimes, when pure, 9.3; 
easily fusible. It gives the blue flame color, and fuses 
readily to a yellow glass. If fused on charcoal with sodium 
carbonate, it is easily reduced to metallic lead. This 
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mineral is characterized by its very high specific gravity, 
color, flame color, general earthy form, and being easily 
reduced to metallic lead when roasted with soda. The 
massive resembles orpiment, but orpiment gives the 
arsenic odor when heated, and massicot does not. It 
might sometimes be taken for powdered sulphur, but 
sulphur emits a very disagreeable sulphurous odor like 
burning matches when burned, and, of course, sulphur has 
a very low specific gravity. There are no other ordinary 
minerals that one will mistake for massicot, if the few 
physical tests given above are carefully made and inter- 
preted. 

Wulfenite, — ^This mineral is found in very many local- 
ities, both in the United States and elsewhere, and always 
occurs associated with other lead minerals, especially 
pyromorphite and vanadinite. The mineral is gener- 
ally found in thin, square, tabular crystals, joined together, 
making a massive berry-box appearance. Color waxy- 
yellow, sometimes reddish and brownish; lustre resinous; 
streak white; fairly good cleavage; smooth fracture not 
distinctly conchoidal; hardness 2.75 to 3; specific gravity 
6.7 to 7; brittle. Wulfenite is composed of lead, molyb- 
denum, and oxygen, yielding about 56 per cent. lead. It 
gives the blue flame color. Fuses easily on charcoal, and 
with sodiimi carbonate, if heated for some time, will yield 
metallic lead. It is practically soluble in muriatic acid, 
forming a green liquid. The mineral is not important as 
an ore of either lead or molybdenum. Generally wulfenite 
may be distinguished from other minerals by its color, 
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lustre, streak, specific gravity, the box-work way in which 
the tabular crystals are arranged, flame color, and the 
fact that sodium carbonate is able to reduce it to metallic 
lead, when heated with it. . 

Vanadinite. — Vanadinite is composed of vanadiimi, 
lead, chlorine, and oxygen. It is a secondary mineral 
and is found many times as an incrustation on other 
minerals. It is closely associated with wulfenite and 
descloizite in many of the mines in Arizona and New 
Mexico, and in these states and elsewhere it is found in 
quite large quantities. Color deep ruby-red, light brown- 
ish-yellow, reddish-brown, etc.; lustre resinous; streak 
white to yellowish; little or no cleavage; fracture uneven; 
hardness 2.75 to 3; specific gravity 6.65 to 7.25; brittle; 
fuses easily; when this mineral is treated with a drop or 
two of strong nitric acid it becomes a deep red, and, the 
acid, after remaining on the mineral for some time, dis- 
solves some of it and the mineral becomes yellow. Gives 
a light blue flame color. When vanadinite is heated on 
charcoal it fuses quite easily, and becomes a dull black 
mass. If roasted with sodiimi carbonate on charcoal it 
yields the metallic lead. It is always understood that 
when the metallic lead is obtained by roasting, either with 
or without sodium carbonate, it is soft, easily fusible, 
malleable, and sectile, and imless so mentioned it will not 
be other than this. For instance, in pyromorphite the 
lead button is said to be brittle, i.e., it is specified as 
being different from the ordinary metallic lead; in all other 

cases the lead resembles very much the native element, 

4 
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and practically all of the tests are the same as for native 
lead. 

Vanadinite might be mistaken for crocoite, but crocoite 
is sectile and occurs in prismatic forms; also crocoite has a 
brick-red streak and vanadinite has a yellowish-white 
streak. Vanadinite is generally characterized by its color, 
high specific gravity, yellowish-white streak, action with 
nitric acid, and yielding metallic lead when roasted on 
charcoal with sodium carbonate. 

This mineral is the source of much of the vanadium 
used in making vanadium black, vanadium salts, which 
are used in the manufacture of silks, and for other uses 
in the arts and sciences. 

Descloizite, — ^This is another lead-vanadium mineral. 
It is found in several localities, associated with vanadinite, 
wulfenite, pyromorphite, etc., but is not of any great 
importance either as a source of vanadium or lead. Color 
red to brown, and sometimes black; streak orange, red 
and gray; lustre resinous to greasy; no cleavage; fracture 
uneven. Occurs in' small crystals, also massive and 
fibrous; hardness 3.5; specific gravity 5.9 to 6.2; easily 
fusible. When heated on charcoal it fuses and is partially 
reduced to metallic lead; however, the lead is covered 
with a dark scoriaceous crust; brittle; oftentimes a fair 
amount of zinc is present; dissolves in cold nitric acid. 
This mineral may often be determined by its flame color, 
greasy lustre, orange-red to gray streak, red to brown 
color, and its action when heated before the blowpipe on 
charcoal. As before stated, this is not an important 



LEAD ORES AND MINERALS $1 

mineral, and the physical and other tests might fail in 
its identification. 

So much for the lead ores and minerals. Only a few 
of the ores discussed can be looked upon as primary 
lead ores. The others are most of the distinctly lead 
minerals, and while the tests as given for each mineral 
will not enable one to identify every mineral, it is hoped 
that those using these tests will be able to identify at 
least the more important of the lead minerals. A great 
deal depends, both with the lead ores and the minerals, as 
well as all of the other ores and minerals to be studied, 
upon how carefully and accurately the tests are made 
and interpreted. It takes time and patience to be pro- 
ficient in anything; and if the miner or prospector wishes 
to get good results, care and diligence will go a long way 
in securing the desired end. 



Chapter V 

ZINC ORES AND MINERALS 

There are not many zinc minerals, and fewer good 
zinc ores. Calamine and smithsonite are the two most 
important secondary ores of zinc; sphalerite is the primar}' 
ore. Most of the zinc ores are found in three or four 
states, such as Missouri, Kansas, and Illinois. There are, 
however, several other states 3rielding zinc ore in more 
or less commercial quantities, f.^., Idaho, Virginia, New 
Jersey, Montana, Pennsylvania, etc. Zinc is seldom, if 
ever, found free in nature. The metallic zinc is extracted 
from the ores and used chiefly in the manufacture of brass 
and in galvanizing iron. It is also used as sheet or stick 
zinc, zinc dust, and zinc compounds in medicines, paints, 
etc. There are no very definite tests that may be applied 
to zinc minerals, like those for copper, gold, silver, and 
lead minerals. The zinc minerals do not always give the 
zinc flame color. Sometinies they do, however, especially 
if roasted on charcoal with sodium carbonate, by using 
the blowpipe. Practically all of them, except sphalerite, 
have vitreous lustres. Not one of them has a distinctly 
metallic lustre. Their specific gravity is high for minerals 
with a vitreous or resinous lustre. Hardness seldom over 
5; infusible; brittle. Except sphalerite, practically all 

52 
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the zinc ores are found in the upper part of the vein, and 
never below the ground-water level. Many deposits in the 
west are found associated with lead, and the zinc ores are 
easily separated in the process of concentration, especially 
by using the concentration tables. 

Sphalerite. — Sphalerite is the most important ore of 
zinc, and is also practically the only primary zinc mineral 
used in a conunercial way. The mineral is composed of 
zinc and sulphur, and is known as zinc-blends, black-jack, 
and mock lead. It yields 67 per cent, zinc, and is found 
in many localities. As stated under galena, this mineral 
and galena are very closely associated. It is also asso- 
ciated with other zinc ores. The ore is mined quite 
extensively in Missouri, Pennsylvania, Montana, Wis- 
consin, Idaho, Virginia, and other states. Besides being 
a very important zinc ore, it contains cadmium, and is the 
source of most of the commercial cadmium. Sphalerite 
generally occurs massive, with splendid cleavage faces 
shown, and also as crystals; color generally yellowish, or 
almost exactly resembling the rosin that is used on violin 
bows, also brownish and black; streak light to dark brown, 
sometimes light yellow; lustre resinous; cleavage very per- 
fect; conchoidal fracture; hardness 3.5 to 4; specific gravity 
3.9 to 4.1; brittle; fuses with much difficulty, with ordinary 
methods not fusible; soluble in muriatic acid, giving oflf 
hydrogen sulphide gas. If roasted with soda on char- 
coal for some time it will give a strong green zinc flame, 
especially if the air is kept from the mineral. If sphalerite 
is roasted on charcoal by using a blowpipe it will give, 
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while hot, a yellow coating to the charcoal, but which will 
become white upon cooling. While sphalerite varies 
widely in color and appearance, it may generally be deter- 
mined by its resinous lustre, splendid cleavage, hardness, 
infusibility, and giving hydrogen sulphide when dis- 
solved in muriatic acid, or when a drop of the acid is 
placed upon it. 

Smithsonite. — Often called "dry-bone," and sometimes 
calamine. It is composed of zinc carbonate, yielding 
about 52 per cent. zinc. Smithsonite is a secondary min- 
eral of zinc, and has been generally formed by the action 
of rain waters on other zinc ores. It is found associated 
with other ores of zinc, especially calamine, and with the 
ores of copper and lead. The mineral has rather a wide 
distribution, but is found most abundant in the United 
States in Missouri, Wisconsin, and Virginia. Color gen- 
erally bluish-white, sometimes yellowish and green; lustre 
vitreous; streak generally white, sometimes grayish; 
generally not crystallized in distinct crystals and often 

• 

found in nodules covered with small, fine crystals; cleavage 
good; fracture uneven; hardness 5; specific gravity 4.5; 
brittle; infusible; soluble in muriatic acid with eflferves- 
cence. Smithsonite may at first be taken for any one of 
several vitreous minerals, but the features that generally 
distinguish it from the others are its rather high specific 
gravity, about 4 — quite hard — 5, and its effervescence in 
muriatic acid, generally better in the hot acid. It is often 
taken for dalan^ine, but calamine does not eflfervesce 
and smithsonite 4pes. So, generally, smithsonite may be 
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determined by its hardness, specific gravity, vitreous 
lustre, infusibility, and effervescence in acids. Smith- 
sonite, when found in large quantities, is a valuable zinc 
ore. As it is a secondary mineral, however, it is always 
found near the top of zinc-ore deposits, and in all old 
zinc mines it has long been worked out. Hence its chief 
source is in newly discovered zinc mines. 

Calamine, — Calamine is a zinc silicate, and resembles 
very much the mineral smithsonite. It is a secondary 
mineral, and has about 53 per cent, zinc in its make-up. 
The mineral occurs granular, as stalactites, in bunches, 
covered with fine crystals, and sometimes as small, single, 
clear crystals. Calamine is found in several localities, 
the most noted in the United States being at Granby, 
Missouri. There are other places in the UnJted States 
where the mineral is found in commercial quantities, and 
several places in Europe it is found in quite large quan- 
tities. Calamine and smithsonite are often found asso- 
ciated together in veins and beds of calcareous rock, 
with galena, pyrite, etc. Color white, generally, some- 
times with a light blue or green shade, also occasionally 
brownish or yellowish; streak white; lustre vitreous; 
cleavage perfect; fracture uneven; hardness 4.5 to 5; spe- 
cific gravity 3.5; brittle; infusible; soluble in acids, mak- 
ing a gelatinous mass, in the small bottle or test tube used 
in making the solution. This is generally a good test for 
a silicate mineral. In order to get this test it is better to 
pulverize the mineral, put it into a small bottle or test 
tube (these test tubes can be obtained at any drug store 
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for a few cents each), put in the acid and beat gmtly. 
This mineral will also yield water when heated in a test 
tube. The water will collect on the inside of the test 
tube^ some distance from where the mineral is heated. 
A good test for zinc, if one can use a blowjape, is to pul- 
verize the mineral, put it on charcoal with sodium car- 
bonate, heat for some time with a blowpipe, then put on 
a few drops of cobalt nitrate and heat again with the blow- 
pipe. The result will be a green color. Sometimes when 
a ^nc mineral Is pulverized and placed in a flame, it will 
volatilize almost immediately, giving a puff of dense, Wu- 
Lsh white smoke. At other times, when a very small piece 
of zinc mineral is heated in a candle flame, it will give 
the green zinc flame color. Calamine resembles several 
minerab, such as smithsonite, prehnite, cerussite, stilbite, 
willemite, etc. It is distinguished from smithsonite by 
its non-effervescence in acids; from prehnite by its hard- 
ness, as prehnite is from 6 to 6.5 in the scale of hardness; 
from cerussite again by its not effervescing in acids, by its 
being harder than cerussite, and by cerussite giving an 
azure-blue flame color of lead; from willemite, by yield- 
ing water in a closed test tube; and from stilbite in being 
almost infusible, while stilbite fuses at a medium tem- 
perature. Calamine is a valuable ore of zinc, and has 
practically no other use. 

Zincite. — This mineral is composed of zinc and oxygen, 
having in its make-up about 80.3 per cent. zinc. It is not 
widely distributed in nature, and there is but one locality 
in the United States where the mineral is mined, and that 
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is in Sussex County, New Jersey. Here it is found with 
franklinjte and willemite, and occurs in quite large quan- 
tities. It generally occurs massive, sometimes granular, 
but very seldom in natural crystals. Color deep to 
orange-red; lustre nearly adamantine; streak orange- 
yellow; perfect cleavage; slightly conchoidal fracture; 
hardness 4 to 4.5; specific gravity 5.4 to 5.7; brittle; infus- 
ible. In a test tube, when heated, the mineral blackens, 
but assumes its former color when allowed to cool; soluble 
in hydrochloric acid without effervescing. Zincite might 
sometimes be taken for crocoite, cinnabar, realgar, and 
a few other reddish minerals. It may, however, readily 
be distinguished from crocoite by its infusibility and 
flame color. Crocoite is quite easily fusible, and gives 
an azure-blue flame color. It may be very easily dis- 
tinguished from cmnabar by its specific gravity, being 
much lighter; besides, when cinnabar is pulverized, mixed 
with sodium carbonate and heated in a test tube, mercury 
globules will collect upon the upper inner walls of the 
tube. Calamine is distinguished from realgar by the 
former not being fusible, and the arsenic odor given when 
realgar is heated. Zincite, then, may generally be deter- 
mined by the following tests : color, lustre, streak, action 
in test tube when heated, infusibility, solubility in acids 
without effervescence, and if one wishes to use a blowpipe, 
the green color with sodium carbonate and cobaltous 
nitrate. Zincite is used only as a zinc ore, but is not one 
of the very important ones. 
Willemite. — This is another zinc silicate, but differs 
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very much in appearance from calamine, the other zinc 
silicate. It is not very widely distributed in natiu^e, and 
practically the only important locality in the United 
States is in the zinc mines of Sussex County, New Jersey. 
At this place it occurs generally massive and very inti- 
mately mixed with zincite and franklinite. It is found 
massive, granular, and also as crystals. Color generally 
green to yellowish, sometimes white, grayish, and flesh- 
red; streak almost white; lustre resinous; cleavage fairly 
good; fracture uneven; hardness 5.5; specific gravity about 
4; brittle. This is not an important mineral in the 
United States, except in New Jersey, and one will rarely 
run across it. Its chief tests, however, are its color, lustre, 
hardness, infusibility by ordinary flame, solubility in 
muriatic acid, leaving or forming a gelatinous mass, and 
in the United States its association with zincite and 
franklinite. This mineral sometimes resembles apatite, 
but apatite does not gelatinize with muriatic acid, and 
is much lighter than willemite. 

Wurtzite. — This mineral has the same composition as 
sphalerite, but is not a common mineral. It is found in 
a few localities in the United States, especially in the 
Original mine, in Butte, Montana, and also in a few foreign 
localities. It occurs as crystals, massive, and fibrous, 
especially one variety which has a splendid columnar 
structure. Color brown to brownish-black; streak brown; 
lustre resinous; cleavage fairly good; hardness 3.5 to 4; 
specific gravity 3.98; brittle. This mineral resembles 
sphalerite, but may generally be distinguished from it 
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by its less brilliant lustre, poorer cleavage, and brown 
streak. It is, of course, of little importance, and if one 
should mistake it for sphalerite, there would be but little 
difference. The acid and other tests are practically the 
same as for sphalerite. 

Hydrozincite {zinc bloom), — This is a secondary min- 
eral, composed primarily of zinc carbonate, and occurs as a 
soft incrustation upon other zinc ores, as stalactites with 
brilliant white color, and, also, massive, fibrous, and earthy. 
It is found in many localities, in most of the zinc mines, 
as an alteration product of other zinc ores. It is not an 
important mineral of zinc. Color white, grayish, and 
yellowish; lustre dull; streak white; little or no cleavage; 
fracture uneven; hardness 2 to 2.5; specific gravity 3.7; 
brittle to earthy; )delds water when heated in test tube; 
soluble in muriatic acid with effervescence. Resembles 
some of the other zinc minerals, but its actions with acids 
distinguishes it from all but smithsonite, and it may be 
easily determined from smithsonite by its being very much 
softer and also lighter. 

Franklinite, — ^This mineral is, more properly speaking, 
an iron ore rather than a zinc ore. However, it is asso- 
ciated very intimately, in the United States, with the zinc 
ores, especially willemite and zincite; hence it is taken up 
here under the head of zinc minerals. Franklinite is not 
so very widely scattered throughout the rocks and minerals, 
and there is but one place in the United States where the 
minefal is found in large commercial quantities, i.c^ the 
same place where willemite and zincite are found — 
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Sussex County, New Jersey. Franklinite occurs massive, 
with zincite and willemite, also granular and in crystals. 
Color iron-black, resembling magnetite; streak generally 
reddish-brown, sometimes black; lustre metallic, some- 
times dull; cleavage not very good; fracture uneven; hard- 
ness 5.5 to 6.5; specific gravity 5 to 5.2; brittle; slightly 
magnetic; soluble in hydrochloric acid. This mineral 
resembles magnetite and also rutile. It may generally be 
distinguished from magnetite by its streak alone, as both 
are magnetic. Franklinite, however, is only slightly 
magnetic, while magnetite is very magnetic. Magnetite 
gives a black streak. It may be determined from rutile 
by its streak, solubility in acid, and generally by its mag- 
netic property. The zinc in franklinite is recovered as 
zinc white. The mineral is sometimes pulverized and 
used as black paint. 

Goslarite, — ^This mineral is found in many zinc mines 
in small quantities, as an incrustation. It is composed of 
zinc sulphate, and is, of course, a secondary mineral, 
probably resulting from alteration or decomposition of 
sphalerite. The mineral is not at all important from the 
commercial standpoint. Color white; lustre vitreous; 
colorless streak; hardness 2 to 2.5; specific gravity about 
2; soluble in water and has a sickening taste; characterized 
generally by its locality and form in zinc mines, and by 
its taste, color, and specific gravity. 

Adamite. — ^Adamite is not a widely known mineral, and 
is of little or no use in a commercial way. It is composed 
of zinc, arsenic, and oxygen. The mineral is often foimd 



ZINC ORES AND MINERALS 6 1 

in crusts and granular massive; color yellow, reddish, green- 
ish, and sometimes colorless; lustre very vitreous; streak 
white; cleavage distinct; uneven fracture; hardness 3.5; 
specific gravity 4.34; brittle; if heated in a test tube it 
becomes whitish and. glassy, like porcelain; soluble in 
muriatic acid; when pulverized with sodium carbonate, 
and heated in a test tube, it forms a beautiful mirror in the 
test tube. When heated it gives a slight arsenic odor. 
On charcoal, with the blowpipe, it gives the zinc coating: 
Generally determined by its color, streak, lustre, arsenic 
tests, and hardness. This mineral, by the ordinary phys- 
ical tests, without the blowpipe, may be rather difficult 
to determine, but if the blowpipe is used the zinc and 
arsenic tests are practically sufficient for its identifica- 
tion. It is practically the only zinc mineral containing 
arsenic. 

Aurichalcite. — This mineral is of. secondary origin, and 
often occurs in needle-shaped crystals, incrustations, 
granular, etc. It is found in several localities, both in 
copper and zinc mines. Aurichalcite is composed of zinc 
and copper carbonate; color pale green to sky-blue; 
lustre pearly; streak pale bluish to greenish; no cleavage; 
brittle; hardness 2; specific gravity 3.6; soluble in muriatic 
acid with effervescence; blackens when heated in a test 
tube; infusible; )delds the copper flame color. It might 
be taken for malachite or azurite, but both malachite and 
azurite are much harder, and seldom occur as incrusta- 
tions, like aurichalcite. If the blowpipe is used, the 
yellow coating on the charcoal may be obtained, which, 
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together with the copper flame color and efifervescence in 
acids, is quite a sure test for its determination. 

Greenockite. — ^While this is not a zinc mineral, being 
composed of cadmium sulphide, its close association with 
the zinc ores seems to warrant its discussion under this 
head. Greenockite is the only conmiercial cadmium 
mineral, and it is probably a secondary mineral. It has 
not a wide range of localities, but is found in a few places 
in the United States, especially in Pennsylvania, Missouri, 
and Arkansas. Color honey-yellow; lustre resinous, 
earthy, and adamantine; cleavage fairly distinct; streak 
orange-yellow to brick-red; fracture conchoidal; occurs 
rarely as crystals, generally as a yellow powder on sphaler- 
ite; hardness 3 to 3.5 when massive; specific gravity about 
5; infusible; easily volatilized, or upon being heated passes 
into a gas without melting or becoming liquid. If heated 
in a test tube it becomes very red, but turns yellow again 
upon cooling. EfiFervesces in heated hydrochloric acid, 
and generally gives off hydrogen sulphicje. This mineral 
may be distinguished by its color, streak, infusibility, 
manner of occurrence, and its action when heated in a 
test tube. If a blowpipe is used the mineral coats the 
charcoal a brown color, with iridescent or a many-colored 
tarnish. This mineral is the chief source of cadmium. 

In concluding the discussion of the zinc ores and 
minerals, it may be said that they are the most difiicult 
from which to make specific identifications of any of the 
foregoing groups. However, the chief ores and minerals 
that the prospector and miner will want to know, can, I 
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believe, be identified by the simple tests as given here. 
Should one wish to use the blowpipe — ^and it is not a 
difficult task to learn how to manipulate one very suc- 
cessfully, and besides they are very cheap, and one will 
last a long time — ^the tests are simple and quite positive. 
Most of the zinc minerals when roasted with sodium car- 
bonate on charcoal, by using a blowpipe, will give a yellow 
coating to the charcoal, and if this mineral is heated again 
after a few drops of cobalt nitrate has been added, the 
mass will generally become green. As before stated, the 
flame color cannot always be gotten, but many times it 
may be shown, especially if the minerals be heated by 
using the blowpipe. 



Chapter VI 

ANTIMONY, ARSENIC, MOLYBDENUM, ETC., 

MINERALS 

The antimony minerals are not many in number, and 
the sulphide is practically the only one of commercial 
importance. The antimony minerals, as well as the 
native element, all fuse quite easily, giving a dense white 
fume, with no definite characteristic odor. They all 
give a white coating on charcoal, and volatilize quite 
readily. The minerals are all fairly soft and have a 
specific gravity above 4. Antimony is used in making 
rubber, safety matches, fireworks, and type metal. How- 
ever, this latter use is not as great as it used to be, owing 
to antimonial lead being secured from other sources 
than the antimony minerals. 

Antimony {native). — This element has not a very wide 
distribution in nature, and hence is not a very valuable 
mineral. It is found generally massive, also radiated and 
granular; color tin-white; lustre metallic; streak white; 
cleavage perfect; fracture imeven; hardness 3 to 3.5; 
specific gravity 6.65; very brittle. Very easily fusible, 
giving dense white fumes, resembling arsenic, but it has 
no definite odor like arsenic. Sometimes the mineral 
imparts to the flame a bluish-green color. Characterized 

64 
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primarily by its specific gravity, streak, fusibility, 
and dense white fumes when fused, and its metallic 
lustre. 

Stibnite. — ^This mineral is found in many places, and is 
the chief ore of antimony. It occurs in veins as the 
primary antimony mineral, associated with other second- 
ary antimony minerals, and the primary ores of mercury, 
zinc, and other minerals. Large deposits of the mineral 
are found in Nevada, Idaho, Montana, Utah, California, 
and other states, and in several of the foreign countries, 
especially in Japan, where the finest stibnite is found. 
Stibnite occurs in crystallized masses, with columnar 
structure, or radiating groups of needle-like crystals; 
also massive; color lead-gray; lustre metallic; streak gray; 
cleavage generally almost perfect and easily made; slightly 
sectile; hardness 2; specific gravity 4.52; very easily fusible 
and emitting dense white, cloud-like fumes; gives the green- 
ish-blue flame color; soluble in muriatic acid, generally 
gives off hydrogen-sulphide gas; if heated on charcoal 
with a blowpipe, it coats the coal a white color. Gener- 
ally characterized by its hardness, easily fusible, and the 
giving of the dense white fume, its coating on charcoal, 
being slightly sectile, and general occurrence as to form. 
This mineral resembles jamesonite, galena, graphite, and 
a few other minerals. However, jamesonite is heavier, 
less easily fusible, and when heated with flux will yield 
metallic lead. It is generally readily distinguished from 
galena by cleavage — galena has a cubic cleavage — hard- 
ness, color, specific gravity, and also its fusibility. The 
5 
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fusibility test alone will be enough to distinguish stibnite 
from graphite. Graphite is infusible. Also graphite is 
softer than stibnite, and has a less specific gravity. Stib- 
nite is used as the chief antimony ore, in pharmacy and 
artificial pigments. 

Cervantite {antimony ochre), — This mineral is com- 
posed of antimony and oxygen, having 78.9 per cent, 
antimony. It occurs as needle-shaped crystals, massive, 
incrustations, and sometimes earthy. It is generally 
found in antimony mines with stibnite, and is the result 
of the alteration of stibnite and other antimony minerals. 
It is distributed in several localities, but is not an impor- 
tant antimony mineral. Color sulphur-yellow, nearly 
white, streak yellowish-white to white; lustre greasy to 
pearly, sometimes earthy; hardness 4 to 5; specific 
gravity 4; soluble in hydrochloric acid with difficulty; 
gives the white antimony fumes and white coating on 
charcoal when heated with a blowpipe. This mineral is 
rather hard to determine by ordinary means or tests, 
but if the simple blowpipe test is made it will at least 
throw the mineral into the antimony group. 

Senarmontite. — The composition of this mineral is 
antimony and oxygen. It is probably of secondary 
origin, and is of no great importance. It is found with 
the ores of antimony, and occurs in beautiful crystals, 
generally octahedrons, or double four-sided pyramids 
of various sizes, as incrustation and granular massive. 
Color, colorless to grayish; adamantine lustre; white 
streak; fracture uneven; hardness 2 to 2.5; specific gravity 
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5.25; easily fusible; gives a white coating on charcoal 
when heated with the blowpipe. Generally determined 
by its color, streak, specific gravity, octahedral crystals, 
and the blowpipe test for antimony. 

Kertnesite. — ^This mineral is sometimes known as red 
antimony, and is composed of antimony, sulphur, and 
oxygen. Kermesite is the result of a partial decompo- 
sition of stibnite, and occurs as fine needle-shaped and 
hair-like bunches of crystals. It is not found in many 
localities, and is not of much value. However, it occurs in 
one or two places in foreign countries in quite large de- 
posits. Color dark red; streak brownish-red; lustre nearly 
vitreous; sectile and slightly flexible; cleavage, when any 
can be detected, is perfect; hardness i to 1.5; specific 
gravity 4.6; fusible in a candle flame; gives the antimony 
test when heated with a blowpipe on charcoal. It may 
generally be determined by its color, form, hardness, 
specific gravity, and fusibility. No other mineral that 
gives the antimony fumes will have all the physical prop- 
erties of this mineral. As stated before, however, this 
is not an important mineral, and will be found very sel- 
dom, or never, by most miners or prospectors. 

In concluding the discussion on the antimony min- 
erals it may be well again to say that stibnite is the prin- 
cipal ore, and since the late revision of the tariff schedule, 
the antimony mines in the United States are being worked 
and an antimony property, if at all well situated for 
transportation, is now worth having. 
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ARSENIC MINERALS 

'1 The real arsenic minerals that are of any value in a 
commercial way are few in number. There are several 
minerals containing more or less arsenic, such as enar- 
gite, niccolite, smaltite, etc., that are quite valuable, but 
their value generally depends upon the other elements in 
the mineral, and not primarily upon the arsenic present. 
The arsenic minerals are all quite easily fusible; yield the 
arsenic or garlic odor when heated; give the light blue 
flame color, and almost always give the white fumes, 
similar to antimony, and also color the charcoal with a 
white coating. 

Arsenic {native). — Native arsenic, generally speaking, 
a very valuable mineral, but it is found in several localities 
both in the United States and abroad, in fairly large 
deposits. It occurs in the veins of the older rocks, often 
associated with realgar, ores of antimony, silver, and other 
metallic minerals. It is generally found massive, but 
sometimes otherwise; color tin-white, but quite readily 
tarnishes, when exposed to the atmosphere, to a dark 
gray color; streak tin-white when a fresh fractured sur- 
face is used; metallic lustre; cleavage perfect; fractiwe 
uneven; hardness 3.5; specific gravity 5.65; brittle; when 
heated it volatilizes without fusion; gives whitish fumes 
and a strong garlic odor; )delds a light blue flame 
color. Native arsenic resembles several other minerals, 
but its odor when heated, and volatilizing without 
melting, together with its flame color, are character- 
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istic tests that practically enables one to determine 
the mineral. 

Arsenopyrite, — Also known as mispickel and arsen- 
ical pyrite, is composed of iron, arsenic, and sulphur. 
It is the main source of arsenic, and is mined in Wash- 
ington and Virginia, and in several places in Canada, 
Germany, and Spain. It is found in the older rocks, 
associated with pyrite, chalcopyrite, sphalerite, and the 
ores of lead, silver, etc. It occurs generally massive, but 
sometimes as crystals or coliinmar; color silver-white, 
sometimes almost steel-gray; lustre metallic; streak dark 
grayish-black; cleavage rather distinct; fracture uneven; 
hardness 5.5 to 6; specific gravity 6 to 6.2; quite easily 
fusible. In a test tube, when heated, the mineral yields 
a red sublimate while hot, but yellow when cold; if heated 
on charcoal with a blowpipe it )rields white fumes, which 
give an arsenical odor, and finally the mineral is reduced 
to a magnetic mass. Soluble in nitric acid, not soluble 
in cold hydrochloric acid; but after being heated for some 
time the mineral will dissolve in hydrochloric acid, giving 
the hydrogen-sulphide fumes. This mineral may be 
taken for leucopyrite or smaltite, but leucopyrite will 
not give the hydrogen sulphide with hydrochloric acid, 
after the mineral has been heated for a short time; arseno- 
p)Tite will. Arsenopyrite may be distinguished from 
smaltite almost in the same way, besides if arsenop)nite 
is heated on charcoal for some time it becomes quite 
strongly magnetic; smaltite will become magnetic but 
not so strong. Arsenopyrite is generally d^t^rmined by 
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its streak, color, fusibility, and arsenical fumes, also by its 
specific gravity and hardness. If it is found in crystals; 
they are generally diamond-shaped columnar, and these 
are often associated with quartz crystals. 

Realgar. — This mineral is composed of arsenic and 
sulphur, with about 70 per cent, arsenic. It generally 
occurs massive, but sometimes as crystals, and found 
associated with orpiment, lead, and silver ores. The 
mineral is not found in large deposits in many localities, 
and the larger part of conmiercial realgar comes from 
abroad. It is found, however, in Utah, Idaho, Cali- 
fornia, and Wyoming. Color red, but sometimes yellow 
upon being exposed; lustre resinous; streak orange-red; 
cleavage rather perfect; conchoidal fracture; hardness 
1.5 to 2; specific gravity 3.5; sectile; easily fusible. When 
heated in a test tube it 5delds a red sublimate. On char- 
coal, the mineral fuses very readily, burns with a blue 
flame color, and gives off white fumes which have first 
a garlic odor and later the odor of burning sulphur. This 
mineral is characterized by its red color, ease of fusibility, 
arsenic odor of fumes, conchoidal fracture, sectile and 
being very soft, with a fairly low specific gravity. There 
is no other mineral with the same color that will give the 
above tests. Realgar is used as a paint pigment, and the 
artificial, known as "white Indian fire," is used in fire- 
works. 

Orpiment. — Orpiment is also an arsenic sulphide, con- 
taining, however, less arsenic than realgar. At places 
this mineral is the result of realgar being exposed. It 
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is found in foliated or bunched masses, sometimes with a 
peculiar kidney-like surface. The mineral occurs quite 
frequently associated with realgar, but is foimd with 
native arsenic, gypsum, etc.; color lemon-yellow; lustre 
generally resinous, but often pearly on cleavage surfaces; 
streak like color, but lighter; cleavage perfect; small leaf- 
like pieces, due to cleavage, are quite flexible; hardness 
1.5 to 2; specific gravity 3.5; sectile; easily fusible. In 
the test tube, when heated, it fuses, volatilizes, and gives 
a yellow sublimate. Otherwise the tests are almost 
exactly the same as for realgar. The commercial mineral 
is found in about the same localities as realgar. The 
artificial orpiment is used for several purposes, such as 
tanning, as a paint pigment, and in dyeing, etc. 

Leacopyrite. — This mineral is also known as LoUingite, 
and has a composition of iron and arsenic, or 35.9 per cent, 
iron and 64.1 per cent, arsenic. It is found with siderite, 
bismuth, nickel ores, in barite, etc., and is found in fairly 
large quantities in several places in both the United 
States and abroad. It is not an important mineral. 
Grenerally massive, but sometimes occurs as crystals 
resembUng arsenopyrite; color silver-white to steel-gray; 
lustre metaUic; streak dark gra5dsh-black; cleavage some- 
times distinct; fracture uneven; hardness S to 5.5; specific 
gravity 7 to 7.2; brittle; rather hard to fuse; soluble in 
nitric acid. When heated on charcoal will give the arsen- 
ical odor and other arsenic tests, and becomes magnetic. 
Rather a hard mineral to determine, but the arsenic odor 
of its fumes, and its becoming magnetic after heating for 
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some time, is generally sufficient to determine that the 
mineral is either an iron, or cobalt arsenide, as these 
minerals are very much alike in almost all their physical 
tests. In closing it may be said that the real arsenic 
minerals are not a very important set, and, outside of 
arsenopyrite, realgar, and orpiment, have little or no 
value. 

MOLYBDENUM MINERALS 

There are but two real molybdenum minerals, molyb- 
denite and molybdite. There are many that contain 
molybdenum in their make-up, such as wulfenite, and 
from which molybdenum is gotten, but generally the other 
element or elements are of more importance than the 
element molybdenum in the mineral. The chief source 
of molybdenum is, however, from molybdenite and 
wulfenite. The latter has been discussed under the head 
of lead minerals, and will not be taken up here. 

Molybdenite. — This mineral is found in very many 
localities in the United States, both east and west, and 
also in foreign countries. It generally occurs embedded 
in granite, gneiss, limestone, and other crystalline rocks. 
It comes as scales or foliated, or curved laminated masses. 
Color bluish lead-gray; lustre metallic; streak greenish 
to greenish-black, especially if made on a piece of glazed 
porcelain or dish; cleavage perfect; very flexible; sectile; 
hardness i to 1.5; specific gravity 4.7; soils the fingers; 
has a greasy feel; infusible. If a piece of the mineral 
be heated and hydrochloric acid dropped upon it, hydro- 
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gen sulphide will be generated. When a very thin piece 
is heated in a flame, especially if hydrochloric acid be 
placed upon it, it will give a yellowish-green flame color. 
Molybdenite may be quite easily taken for graphite; 
however, it is readily distinguished from graphite in hav- 
ing a different streak, giving the yellowish green flame 
color, yielding hydrogen sulphide with hydrochloric acid, 
and also by its lighter bluish-gray color. Its chief use is 
in the manufacture of chemicals and giving the green color 
to porcelain. It is also used in the manufactiu^ of steel. 
It is worth between twenty-five and thirty cents per poimd. 
Molybdite. — Molybdite is composed of molybdenum 
and oxygen, having 66.7 per cent, molybdenum in it. It 
is probably a secondary mmeral, having been derived from 
molybdenite, with which it is generally associated. The 
mineral is foimd in several localities, but is not of much 
importance. It generally occurs as an earthy yellow 
powder, but also as tufted and radiated crystals. Color 
straw-yellow to yellowish-white; lustre dull, earthy, silky; 
streak straw-yellow; cleavage of crystals distinct; hard- 
ness I to 2; specific gravity 4.5; easily fusible. If fused 
on charcoal with the blowpipe,, it coats the charcoal with 
small yellow crystals. This mineral is quite diflScult 
of determination by the purely physical tests. It is 
sometimes taken for orpiment, but orpiment yields the 
arsenic-odored fumes when heated, and molybdite does 
not. As stated, the mineral is not important, but as it 
generally occurs with molybdenite, it might be deter- 
mined by its color and occurrence. 
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TIN MINERALS 

There are several tin minerals found in nature, but 
cassiterite is practically the only one that is of any value 
in a commercial way. Native tin has been foimd in 
several localities, but never in any large amoimts. When 
tin is foimd native it seems to be very pure. The only 
two tin minerals that will be discussed are cassiterite and 
stannite. 

Cassiterite. — This mineral is composed of tin and 
oxygen, with 78.6 per cent. tin. It occurs as stream tin, 
or the same as placer gold, and as an ore in veins. It is 
foimd in veins in granite, gneiss, etc., associated with 
tourmaline, quartz, wolframite, scheelite, etc. It occurs 
in many localities; however, in the United States, the only 
place where commercial cassiterite is found at present is 
in the Black Hills-. Color brown to black; streak white 
or pale brown; lustre adamantine to dull; occurs massive, 
granular, rounded pebbles, etc.; cleavage not good; 
fracture uneven; hardness 6 to 7; specific gravity 6.8 to 
7.1; brittle. This mineral is not acted upon by the ordi- 
nary agents of disintegration, and it is therefore practically 
always foimd with its original physical properties. In- 
fusible. If powdered and thoroughly heated, it becomes 
yellow. Insoluble in acids. If pulverized and mixed 
with sodium carbonate and charcoal, and heated on char- 
coal with a blowpipe, it will 5deld metallic tin. Probably 
the best and simplest test for the determination of cassi- 
terite is to place the mineral in a porcelain or glass dish, 
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with fairly fine zinc or zinc shavings, so that the mineral 
is surrounded or nearly covered with the zinc, and in 
close contact with it. Cover this with muriatic acid, not 
too strong, so that vigorous bubbling takes place. In 
five or ten minutes the mineral may be removed and 
washed. If it is cassiterite it will have a gra5dsh color 
and when rubbed by the hand or with a cloth it will 
become a silvery color. This may be done by using 
aluminum instead of zinc, with equally good results. The 
bright silver color may be easily removed by placing the 
mineral in iron filings and cover the two with muriatic 
acid; in a very short time the ore will assume its former 
color. The silver color may also be removed by soaking 
the mineral in muriatic or nitric acid, but not so quickly 
as with the iron. It is generally characterized by its 
specific gravity, hardness, color, infusibility, and insolu- 
bility in acids. It resembles a number of minerals, but 
the simple tests as given here, if carefully followed and 
interpreted, will enable one to almost always identify the 
mineral. The mineral is, of course, used as the source 
of metallic tin. Practically all tin is made from cassiterite. 
Stannite. — Sometimes called tin pyrite, and also "bell 
metal " ore, and composed of copper, tin, iron, and sulphur, 
with 27.5 per cent, tin and 29.5 per cent, copper. It is 
not widely found, and generally in small quantities; it is 
used as an ore of copper. Occurs massive and granular, in 
veins, associated with sphalerite, iron p}nite, and chal- 
cop}nite; color steel-gray to black; lustre metallic; cleav- 
age not distinct; fracture uneven; streak black; hardness 
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4; specific gravity 4.4; brittle; fairly easily fusible; gives 
the copper-green flame color when the mineral is scraped 
off into a candle flame. If pulverized and mixed with 
sodiiun carbonate and heated for some time, it will become 
slightly magnetic. Soluble in nitric acid, giving a green 
solution. If roasted on charcoal with a plowpipe, the 
charcoal near the mineral is coated with a white coating. 
This mineral is rather hard to determine by ordinary 
ph)rsical tests, but if the blowpipe is used, it may be iden- 
tified by the white coating on charcoal, the green flame, 
the color and streak, and its being slightly magnetic, 
after heating with sodiimi carbonate. It is, however, 
of no great value, and will not be found many times by 
those in search of ores or valuable minerals. 



TITANIUM AND THORIUM MINERALS 

The minerals of both thorium and titanium are quite 
widely distributed in nature, and for a few purposes are 
quite important. There are several titanium minerals; 
but two, rutile and ilmenite, will be discussed here. 
There are also several thorium minerals; however, but 
two, monazite and thorite, will be mentioned. 

RtUUe. — This mineral is composed of titanium oxide, 
widely distributed in natvire, and associated with hema- 
tite, ilmenite, spinel, in quartz with tourmaline, and many 
other minerals. It is foimd generally in crystal form, 
commonly prismatic, with small furrows runnmg up and 
down on the crystal faces. Also, sometimes, in needle- 



ANTIMONY, ARSENIC, MOLYBDENUM, ETC. ^^ 

shaped crystals. Color reddish-brown, black, sometimes 
yellowish, also red; lustre nearly metallic; streak pale 
brown; cleavage not good; fracture generally uneven; 
hardness 6 to 6.5; specific gravity 4.2; brittle; infusible; 
insoluble in acids, Rutile may be taken for cassiterite, 
tourmaline, garnet, pyroxene, etc., but can generally be 
determined from cassiterite by its more reddish color 
and lower specific gravity, and from the others by its 
lustre, which is nearly metallic, and by its higher specific 
gravity. Most of the garnets, while having a specific 
gravity above 3, have a decided vitreous lustre. Rutile 
is used in dentistry and in the manufacture of porcelain. 

Ilmenite, — This mineral is composed of iron, titanium, 
and oxygen. It is found in many localities; is often asso- 
ciated with magnetite in beds, in gneiss, and other crys- 
talline rocks. Color iron-black; lustre nearly metallic; 
streak black to brownish-red; generally occurs massive; 
fracture conchoidal; hardness 5 to 6; specific gravity 4.5 
to 5; brittle, slightly magnetic; infusible by ordinary 
means; slowly soluble in hydrochloric acid. It is very 
hard to determine this mineral, especially from magnetite. 
Many times, however, the streak will enable one to deter- 
mine ilmenite from magnetite. The streak of ilmenite 
is often brownish and that of magnetite is always iron- 
black. The two minerals are always closely associated, 
have practically the same color, specific gravity and hard- 
ness, and sometimes, by purely physical means, the two 
cannot be distinguished one from the other. 

MonazUe, — This mineral is a phosphate of the rare 
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earth metals, such as cerium, lanthanum, didymium, 
but its value is primarily due to the small amount of 
thoria in its make-up. It is found chiefly as a yellow to 
brown resinous crystal sand, with very high specific gravity 
for a mineral with a non-metallic lustre. The valuable 
deposits are generally found in the stream sands, due to 
the disintegration of the rocks bearing the monazitc 
grains. Color reddish, dark brown, brown to yellow; 
lustre resinous; streak white; cleavage sometimes distinct; 
fracture uneven; hardness 5 to 5.5; specific gravity 4.9 to 
5.3; brittle; infusible by ordinary means; soluble in hydro- 
chloric acid, leaving a white residue; turns gray when 
heated. This mineral is found in many localities, and 
is quite valuable. When found in the sands and gravels 
of streams, it is separated from the other material, except 
magnetite, by panning, and from magnetite by means of 
a magnet. Monazite is generally determined by its being 
a fine-grained sand, having a brownish or reddish color, 
and being quite heavy. It is used in the manufacture of 
mantles in incandescent gas lighting. 

Thorite. — Composed of thorium, silicon, and oxygen. 
Not very widely distributed in nature. Comes chiefly 
from Norway. This mineral is also called "orangite." 
It occurs generally in black or orange-yellow prisms, 
but is sometimes found massive; cleavage fairly good; 
fracture conchoidal; color orange-yellow, brownish-yellow, 
black; lustre resinous, greasy; streak orange to brown; 
hardness 4.5 to 5; specific gravity 4.8 to 5.2; brittle; 
infusible. In hydrochloric acid it forms a jelly-like mass. 
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When heated the orange variety turns black, while hot, 
but assumes the orange color again upon cooling. It is 
used for practically the same purposes as monazite, but 
is not so important. Generally determined by its crystal 
form, specific gravity, hardness, color, lustre, and being 
gelatinized by hydrochloric acid. It resembles zircon, 
especially the crystals, but zircon is harder, being 7.5. 
Zircon has not the same lustre as thorite, and is not 
gelatinized by hydrochloric acid. 

BISMUTH MINERALS 

There are, generally speaking, four distinct ores of 
bismuth. 

Bismuth (native), — The native element is probably 
the chief ore; it is found very often intimately associated 
with the ores of lead, gold, silver, zinc, cobalt, and nickel, 
and sometimes with the tungsten minerals. It generally 
occurs fairly well scattered through the gangue as little 
bimches, or grains; seldom found as crystals; color silver- 
white, with a reddish hue; lustre metallic; streak silver- 
white; good cleavage; hardness 2 to 2.5; specific gravity 
9.7 to 9.83; sectile to brittle. Oftentimes when the min- 
eral is heated, it is slightly malleable. Easily fusible. If 
heated on the charcoal, it will completely volatilize and 
coat the coal with a yellow sublimate. It may generally 
be determined by its color, silver streak, reddish tinge, 
specific gravity, ease of being fused, and the mass-like way 
in which it is usually found. It is used for the source of 
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bismuth. Bismuth is valuable, no matter from what 
source, on account of its ability of forming easily fusible 
alloys with other metals, such as tin, lead, etc. Also used 
in medicine, to give lustre to porcelain, and in several 
other ways. 

BismiUUe, — This mineral is a bismuth carbonate, and 
occurs with the native element, and also with bismuth 
sulphide, and is found in several localities in the western 
states, and also in foreign countries. It is quite an impor- 
tant ore of bismuth, and is generally found as an incrus- 
tation, massive or earthy, and also as a powder. Color 
white, green, and yellow; lustre dull to vitreous; streak 
generally colorless; hardness 4 to 4.5; specific gravity 6.9 
to 7.7; brittle; easily fusible. Soluble in hydrochloric 
acid, with effervescence, especially if the add be strong 
and heated. Generally determined by its incrustation 
or earthy form, its specific gravity, ease of being fused, 
and effervescence in muriatic acid. If one is not able to 
determine the mineral by the physical tests, the blowpipe 
and the charcoal test may be made easily. It will give 
the same coating and other tests on the charcoal as the 
native bismuth. 

Bismite. — This mineral is also known as "bismuth 
ochre," and is composed of bismuth and oxygen. It is 
not an important bismuth mineral, but is the source of 
some bismuth. It occurs as a straw-yellow or grayish 
earthy mass, with a dull lustre. 

BismtUhinite. — Composed of bismuth and sulphur, 
with 81.2 per cent, bismuth. Usually massive or fibrous, 
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and sometimes in groups of long, needle-like crystals. 
The mineral is not of much importance, and is not foimd 
in many localities in quantities. Color lead-gray to tin- 
white, but tarnishes or changes upon exposure to a 
yellowish tarnish; streak lead-gray; metallic lustre; good 
cleavage; hardness 2; specific gravity 6.5; slightly sectile; 
easily fusible; gives the bismuth-yellow coating on char- 
coal. If roasted with sodium carbonate for some time, 
then pulverized and placed upon a silver coin, with a 
drop or two of water, it will coat the silver black or very 
dark brown. This latter is a good test for sulphur. It is 
rather hard to determine bismuthinite by the ordinary 
physical tests, but by using a few tests such as hardness, 
color, streak, lustre, specific gravity, together with the 
coating on charcoal and coin test, the mineral may be 
identified. However, it is not very widely known, and 
of no exceptional value, and to be able to place it among 
the bismuth minerals will generally be sufficient for ordi- 
nary purposes. 

Tetradymite. — This mineral is a bismuth telluride. It 
is not a widely scattered mineral in nature. It is some- 
times found in the mines of the United States, and also 
in foreign coimtries. It generally occurs as bladed forms, 
also granular massive, and sometimes as small, indistinct 
crystals. Color pale steel-gray; lustre shining metallic; 
streak gray; cleavage good; small cleavage plates easily 
bent; hardness 1.5 to 2; specific gravity 7.2 to 7.6; slightly 
sectile; soils paper like graphite; easily fusible, and when 
fused on charcoal is entirely volatilized; flame color is 
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bluish-green; it gives oJBF white fumes when fused, and 
first forms a white coating on the charcoal, then 
orange-yellow. Determined generally by a few of its 
physical properties and blowpipe tests. The mineral is 
not important. 

It may be well to say here that some of these minerals 
are not common, and probably should not be taken up 
in. this discussion. However, they are not considered 
rare, as most of them are found in some locaUties, in quite 
large quantities, and most of them are used in a com- 
mercial way. They are not simply used as museum or 
laboratory specimens for study, but enter the field of 
useful or economic minerals. 



Chapter VII 

MERCURY, PLATINUM, TUNGSTEN, ALUMI- 

NUM, ETC., MINERALS 

MERCURY MINERALS 

There are not many mercury minerals and fewer 
ores. Generally speaking, cinnabar is the only ore of 
mercury that is of much importance. Native mercury 
occins in small quantities with cinnabar, gold ores, clay, 
slate, etc. The metal mercury has a wide use. 

Native Mercury, — Occurrence is in small liquid globules 
scattered throughout the ores or gangue, in which it is 
foimd. Color tin-white; metallic lustre; the only metal 
that is liquid at ordinary temperatures; globular form; 
specific gravity 13.6; often called "quick silver"; one 
will probably not mistake mercury for any other mineral; 
primarily on accoimt of its liquid form, metallic lustre, 
and very high specific gravity. The principal use of 
mercury is in the extraction of gold and silver from ores; 
also in making thermometers, barometers, medicine, etc. 

Cinnabar. — Composed of mercury and sulphur, and 
having in its make-up 86.2 per cent, mercury. Not often 
foimd pure, but generally mixed with clay, iron oxide, 
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etc. It is not found in many localities in commercial 
quantities; however, the United States at present leads 
in the production. California is the largest producer, 
and Texas, Oregon, and Nevada are also producers. The 
mineral is foimd in slates and shales generally. Color 
red, vermilion; lustre adamantine to metallic; streak 
scarlet; cleavage perfect; fracture imeven; hardness 2 to 
2.5; specific gravity 8 to 8.2; brittle to sectile; volatile 
when heated. If pulverized and heated in a test tube 
with sodium carbonate, the native mercury will collect 
in small globules on the inner side of the tube. After 
heating the bottom part of the tube and then turning 
the contents out on a piece of paper, by tapping the tube 
with a lead pencil, the native mercury will be foimd in 
small globules on the paper. This test, together with the 
color and specific gravity, is enough to determine the ore. 
Another simple test is to pulverize the mineral cinnabar, 
add a few drops of hydrochloric acid, enough to make 
the powder moist, rub it on a bright new copper cent, 
and the penny will become silver-white. This mineral 
is often confused with hematite, but it is much heavier; 
for crocoite and realgar, but it has a different streak and 
fusibility. None of the minerals that it resembles will 
give the action on a penny that cinnabar does, or will 
yield mercury when heated. This mineral is the only 
real important ore of mercury. 

Livingstonite. — This mineral is composed of mercury, 
antimony, and sulphur, containing 24.8 per cent, mercury. 
It is not an important mineral, and is not foimd in many 
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localities. It occurs in small prismatic crystals, also 
columnar massive, resembling stibnite; color bright 
ieadgray; lustre metallic; streak red; hardness 2; 
specific gravity 4.81; easily fusible, and gives off 
dense white fumes of antimony; yields the metallic 
mercury when heated in a test tube with sodium car- 
bonate; characterized by its color, streak, specific 
gravity, and yielding mercury when heated in a test 
tube with soda. 

CalomeL — This mineral is also known as horn mercury. 
It is a secondary mineral, generally foimd as a coating, 
and closely associated with cinnabar. It is composed of 
mercury and chlorine, with 84.9 per cent, mercury. Color 
white, gray, brown, and colorless; lustre adamantine; 
streak white; cleavage fairly distinct; fracture conchoidal; 
hardness i to 2; specific gravity 6.48; volatilizes without 
fusion. If heated in a test tube, with sodium carbonate, 
it will form a metallic mirror on the inside of the test 
tube. Generally determined by its color, streak, specific 
gravity, and action when heated with sodium carbonate. 

PLATINUM AND IRIDIUM MINERALS 

The chief source of platinum is from the native element, 
found in the sands and gravels, or placer deposits of the 
Ural Moimtains of Russia. It is not foimd in many 
localities, but every few years adds another place of its 
occurrence. The mineral is nearly twice as valuable as 
gold. Russia practically controls the platinum market 
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of the world; however, there are other countries pro- 
ducing it ^besides Russia, and one of these is the United 
States. Platinum is used for many purposes, especially 
in electric Ughting and in dentistry. 

Native Platinum. — This mineral occurs in small grains 
and nuggets in sands. Generally has iron, rhodium, 
iridium, and other elements in composition with it. Color 
light steel-gray; lustre metallic; streak steel-gray; no 
cleavage; hackly fracture; malleable and ductile; hard- 
ness 4 to 4.5; specific gravity 14 to 19, and 22 when pure; 
often magnetic, due to the iron present in it; infusible; 
generally determined by its color, malleability, specific 
gravity, and infusibility, and not being acted upon by 
single acids. 

Sperrylite, — This mineral is composed of platinum and 
arsenic. It is not found in many localities, and at present 
is of but little commercial value. Canada and Wyoming 
seem to be the only places where the mineral has been 
found. It occurs in gold mines, in small crystals; also in 
pyrrhotite, chalcopyrite, covellite, etc. Color tin-white; 
lustre metallic; streak black; fracture conchoidal; hard- 
ness 6 to 7; specific gravity 10.6; brittle; of interest chiefly 
on account of its being the only native compound of 
platinum; fairly easily fusible. It is rather hard to 
determine by the simple physical tests. But its color, 
lustre, streak, hardness, specific gravity, fusibility, and 
odor of the fumes, will generally enable one to determine 
the mineral. 

Iridium. — This mineral is a native element, and is very 
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closely associated with platinum and other metals. It is 
not foimd in many localities, and usually occurs in angular 
grains. It is foimd with platinum in Europe, and with 
gold in California. Color tin-white; lustre metallic; 
cleavage indistinct; hackly fracture; hardness 6 to 7; 
specific gravity 19.3 to 22.7; somewhat malleable, 
generally brittle; infusible; not acted upon by acids; 
quite a valuable mineral. Generally determined by 
its streak, color, lustre, specific gravity, infusibility, 
hardness, non-activity with acids, and being only slightly 
malleable. 

Iridosmine. — Composed of iridium and osmium; also 
sometimes rhodium and platinum are present. Occurs 
in irregular, flattened grains, and found somewhat in the 
platinimi placers of California. Color tin-white to gray; 
metallic lustre; streak tin-white to gray; cleavage good; 
hardness 6 to 7; specific gravity 19.3 to 21.2; slightly 
malleable to brittle; infusible; insoluble in acids; hard 
to distinguisV by simple methods from iridium; probably, 
however, slightly more malleable. These minerals can 
generally be determined from the other groups by their 
high specific gravity, infusibility, and not being acted upon 
by adds. Platinum possesses all these tests, but it is 
rather a soft mineral, sectile and quite malleable. The 
others, iridium and iridosmine, are not to any marked 
degree malleable or sectile. Platinum is much more 
valuable than gold, and the other minerals are as valu- 
able as gold. 
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TUNGSTEN MINERALS 

The tungsten ores and minerals are not many in nimi- 
ber, nor are they widely distributed in nature; but they are 
quite valuable, and ordinary deposits are generally mined 
with considerable profit. There are three timgsten min- 
erals that are used more or less as ores, wolframite, 
scheelite, and hiibnerite. These ores are all quite heavy, 
or from 6 to 7 in specific gravity; quite hard, being from 
4.5 to 5.5 in the scale of hardness; none of them possesses 
a decidedly metallic lustre. Of the ores wolframite is the 
most abimdant, and scheelite the most easily reducible. 
In the past, these ores have given placer miners trouble, 
in "hanging back" in the pan or sluice boxes, and were 
thrown away as "worthless stuflf." At the present, how- 
ever, the minerals are being carefully sought, especially 
in the gold regions. The writer has had the privilege of 
visiting three timgsten mines in Montana and Idaho, 
during the past year, and foimd them all doing splendid 
work, all being found in gold regions, and being mined 
from gold quartz veins. 

Wolframite. — Composed of tungsten, iron, manganese, 
and oxygen, or timgstate of iron and manganese. The 
mineral often occurs with tin ores, with quartz, p)nite, 
scheelite, sphalerite, etc. It is foimd massive, tabular and 
prismatic crystals, and also granular. Color brownish- 
black to grayish-black; lustre sub-metallic; streak dark 
brown to almost black; perfect cleavage; fracture imeven; 
hardness 5 to 5.5; specific gravity 7.2 to 7.5; brittle j fuse$ 



TUNGSTEN MINERALS 89 

fairly easily, to a magnetic globule. Wolframite resem- 
bles magnetite somewhat, especially in color; besides, it 
is sometimes weakly magnetic before l^eing fused. How- 
ever, wolframite is heavier than magnetite, and as a rule 
does not give the black streak like magnetite. Mag- 
netite is very magnetic before being heated, and also has 
a decided metallic lustre. This is not true of wolframite. 
There are other ores of manganese and iron that some- 
what resemble wolframite, but wolframite is heavier and 
fuses much easier, and often has a different streak. This 
is a valuable mineral. 

Scheelite, — Composed of calcium, tungsten, and oxygen, 
or calcium timgstate. A very rich tungsten ore. Foimd 
with free milUng quartz in granites, slates, and also with 
fluorite, apatite, wolframite, etc. Generally occurs mas- 
sive, colunmar, reinform or kidney-shaped, etc. Color 
white, yellowish-white, pale yellow, and sometimes 
brownish or reddish; lustre vitreous; streak white; cleavage 
fairly good; fracture uneven; hardness 4.5 to 5; specific 
gravity 5.9 to 6.1; brittle; practically infusible by ordi- 
nary methods; decomposed by hot hydrochloric acid, 
leaving yellow powder which becomes blue upon adding 
metallic tin. Somewhat resembles orthoclase, but may 
be readily distinguished from it by its solubility and by 
its specific gravity, and also, generally, by its hardness. 
Orthoclase has a hardness 6, and specific gravity less than 
3. It also resembles a few carbonates and sulphates, but 
may be distinguished from the carbonates by not efferves- 
cing in acids, and from the sulphates by not turning a coin 
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black, after it has been heated with sodium carbonate, 
moistened, and placed on a silver coin. Scheelite is 
foimd in several localities of the northwest, chief among 
these being Montana and Idaho. 

Hiibnerite. — ^This mineral has a composition of man- 
ganese, tungsten, and oxygen, or is known as tungstate of 
manganese. It occurs with scheelite in veins, with 
quartz, fluorite, apatite, etc. The mineral is found in 
several places in the United States, but not in very large 
quantities. It comes in bladed forms, not often as dis- 
tinct crystals, also as massive. Color brown, brownish- 
red to brownish-black; lustre resinous to semi-metallic; 
streak brownish-yellow; cleavage good; hardness 5 to 5.5; 
specific gravity 7.2; brittle; not easily fusible; decom- 
posed by hydrochloric acid, leaving a yellowish or brown- 
ish colored powder or residue. Add metallic tin to this 
and a light blue solution which soon turns brown is the 
result. The mineral may generally be determined by its 
color, resinous lustre, streak, specific gravity, hardness, 
and action with acids. Very few minerals having vitreous 
or resinous lustres possess such high specific gravity, and 
this is one of the best clues to its determination. 



URANIUM MINERALS 



There are several uranium minerals; however, but 
five of these will be discussed. The minerals have not a 
wide use, and neither are they widely distributed in 
nature. They are used in the manufacture of steel, in 
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coloring porcelain, in photography, and a few other 
ways. 

Uraninite {pitchblende), — Composed of a uranate of 
uranyl, lead, and generally thorium, and sometimes bis- 
muth, copper, iron, calcium, etc. The mineral is generally 
found massive, rarely as crystals. It is often found as a 
primary constituent of the granites, or a secondary min- 
eral with the ores and minerals of copper, lead, etc. 
Color grayish, greenish, velvet-black, also brownish; 
lustre sub-metallic, Uke pitch, also greasy and dull; streak 
gray-greenish or dark brown; fracture conchoidal to im- 
even; brittle; infusible by ordinary methods; hardness 5.5; 
specific gravity generally above 9, but sometimes lower. 
This mineral is generally determined by its appearance, 
very high specific gravity for a non-metallic or sub- 
metallic mineral, and streak. It generally gives the 
copper-green flame color, owing to the presence of copper 
in the mineral. It also occasionally gives the arsenic 
odor when heated. It is soluble in nitric add, and 
makes a yellow liquid. It is the mineral chiefly used in 
making radiimi salts, and is, therefore, of considerable 
value. 

AtUunite. — ^This mineral is composed of calcium, 
uranium, phosphorus, and oxygen. It comes in thin 
tabular crystals and micaceous massive. It is foimd 
with other uranium minerals, associated with several 
metallic ores and with quartz, gneiss, feldspar, etc. 
Autimite is not widely distributed in nature, and has no 
especial use, other than to a very slight extent for radium 
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action. Color lemon- to sulphur-yellow; lustre generally 
pearly; streak pale yellow; cleavage good; hardness 2 to 
2.5; specific gravity 3 to 3.2; brittle. If heated on char- 
coal with a blowpipe, it swells and fuses to a black vit- 
reous mass. Soluble in nitric acid, yielding a yellow 
solution. Autimite is very hard to determine by ordi- 
nary simple tests, and in many instances it is impossible 
to do so. However, most of the yellow non-metallic 
minerals, such as orpiment, massicot, monazite, etc., 
have distinctive simple tests, and are generally easily 
determined. A mineral that has the color, streak, lustre, 
action with nitric acid, and fusibility test, as above given, 
will probably prove to be autunite. 

Gummite. — ^This is not an important mineral. It has 
a composition of lead, calcium, barium, uranium, silicate. 
The mineral is found in a few places, generally with pitch- 
blende, of which it is a decomposition product. It occurs 
as rounded or flattened pieces, and very much resembles 
giun. Color reddish-yellow, red, reddish-brown. Lustre 
greasy or waxy. Streak yellow. Fracture imeven. Hard- 
ness 2.5 to 3. Specific gravity 3.9 to 4.2. Slightly brittle. 
Infusible, but it yields a bituminous odor. Gunmiite is 
sometimes determined by its close association with uran- 
inite. It may also be determined from most other min- 
erals by its form, color, lustre, streak, hardness, bituminous 
odor when heated, and infusibility. The mineral is 
used slightly as an ore of uranium. 

Torhernite, — This mineral is sometimes called the 
copper uranite, as its composition is a copper uranium 
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phosphate. It generally occurs as thick or thm tabular 
blocks; but also found as micaceous masses. Cleavage 
quite perfect, like mica; color always green; lustre gen- 
erally pearly; streak green, but lighter than color; some- 
times transparent; hardness 2 to 2.5; specific gravity 3.5; 
brittle in thin sheets; easily fusible, making a dark mass; 
color of flame green; soluble in nitric acid, giving a 
greenish-yellow solution. When pulverized and heated 
on charcoal with soda, a copper bead is the result. The 
color, shape of crystals, micaceous cleavage, fusibility 
and color of the nitric-acid solution, together with the 
charcoal test with sodium carbonate, are the distinguish- 
ing features that will enable one to determine this mineral. 
Carnotite. — ^This mineral is not known in many locali- 
ties, and in the United States, so far, is found only in 
Colorado. It is composed of vanadium, uranium, and 
oxygen, and other elements. It occurs in friable masses, 
and also as a powder. It is generally mixed with a quartz 
sand, and also associated with some of the secondary 
minerals of copper. It has a high percentage of uranium 
in its composition, and as other deposits are foimd, it 
may be one of the sources of radiiun. Color yellow; 
lustre non-metallic. 



ALUMINUM ORES 



There are several minerals of aluminum, and many 
more that contain aluminum. There are, however, but 
few ores of the metal. The ores only will be taken up 
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under the head of ore minerals, and the others will be dis- 
cussed under the second head. The real ores of alum- 
inum are bauxite, cryolite, and gibbsite. They are all 
quite soft, rather low in specific gravity, and have non- 
metallic lustres. 

Bauxite. — ^This mineral is composed of aluminum, 
oxygen, and hydrogen; also iron is often present. It 
occurs as an aggregate of rounded grains like peas, and 
is found with kaolin, clay, and other minerals of aluminum. 
Color ochre-yellow, brown, whitish and reddish; lustre 
generally earthy; streak generally like the color; no dis- 
tinct cleavage; and, being earthy, has, if anjrthing, an 
imeven fractiure; hardness generally i, sometimes harder; 
specific gravity 2.5; brittle; infusible; slightly soluble in 
hydrochloric acid. It is found in several places in the 
United States, chief among these are Arkansas, Ten- 
nessee, Georgia, and Alabama. It is used primarily as 
an aluminum mineral, and is the chief ore of the metal. 
This mineral may generally be determined by its color, 
hardness, and occurring in masses of small pea-like grains, 
and in its non-activity with acids, and fusibility. Should 
one find a piece of bauxite, it is so diflFerent from the other 
common minerals that its recognition by simply physical 
means is not difi&cult. 

Gibbsite. — ^This mineral is also composed of aluminiun, 
hydrogen, and oxygen. It often occurs in small icicle-like 
forms, and also as incrustations. It is generally foxmd 
with bauxite, but not in many localities, and not in large 
enough quantities to be very valuable commercially. 
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Color white, also greenish and grayish; lustre vitreous; 
streak white; cleavage good; when breathed upon it gives 
the clay odor; hardness 2.5 to 3.5; specific gravity 2.3; 
tough, sometimes slightly brittle; infusible; not soluble in 
muriatic acid. It is rather hard to determine, but its 
close association with bauxite and its clay odor will gen- 
erally enable one to tell the mineral. It is only foimd 
in a few of the southern states, and then in small deposits. 
Cryolite, — Composed of aluminum, sodium, and fluor- 
ine. Occurs massive, with good cleavage; also in crystals 
that very much resemble cubes. Not found in many 
localities, and is associated with chalcop)aite, quartz, 
siderite, etc. The chief source is Greenland, and here it 
is foimd in quite large quantities. Color snow-white, 
colorless, brownish to brick-red; lustre vitreous, greasy to 
wax-like; streak white; cleavage perfect; fracture imeven; 
hardness 2.5; specific gravity 3; small pieces are fairly 
easily fusible in a candle flame; brittle. If pulverized, 
placed in a test tube or small bottle, and heated in the 
flame of an alcohol lamp, it will etch the inner sides of the 
glass. It gives a very dense yellow sodium flame color. 
Cryolite is generally determined by its hardness, color, 
lustre, ease of fusibility, and etching the sides of the test 
tube, when pulverized and heated in one. It is used for 
several purposes, such as in making alum, as a flux, etc. 



Chapter VIII 
NICKEL, COBALT AND IRON MINERALS 

NICKEL MINERALS 

There are several nickel minerals found in nature; 
however, but three or four of these are used to any large 
extent as ores. Nickel is generally closely associated 
with cobalt, and until recently its separation was made 
with some difficulty. The United States is a large user 
of nickel, but is not a large producer of its ores. 

Niccolite. — ^This mineral is sometimes known as copper 
nickel, on account of its color, and has a composition of 
nickel and arsenic. The mineral is generally massive, 
also sometimes meshed and tree-like. It is found with 
cobalt, copper and silver ores. Color pale copper-red; 
lustre metallic; streak pale brownish-black; no distinct 
cleavage; fracture uneven; hardness 5 to 5.5; specific grav- 
ity 7.3 to 7.6; brittle. If heated with a blowpipe on char- 
coal the mineral will give off arsenical fumes and fuse to 
a magnetic globule. Soluble in nitric acid, and gives an 
apple-green solution. It may generally be determined 
by its color, hardness, streak, green solution with nitric 
acid, garlic odor of fumes, and magnetic globule. It is 
quite readily distinguished from copper by its hardness, 

streak, brittleness, and garlic odor when heated. Not 
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found in commercial quantities in many places in the 
United States. Used as an ore of nickel, of which it is 
one of the most important. 

Millerite. — ^This mineral is also known as capillary 
pyrites, on account of its finely radiated structure. Com- 
posed of nickel and sulphur. Generally occurs as radiated 
crusts or as very fine needle-like crystals. Color brass- 
yellow to bronze, often with a grayish iridescent tarnish; 
lustre metallic; streak greenish-black; fairly good cleav- 
age; hardness 3 to 3.5; specific gravity 5.3 to 5.6; brittle. 
When heated the mineral fuses to a brittle globule, gives 
off a sulphur odor, and if heated long enough becomes 
magnetic. Gives a green solution with nitric acid. The 
mineral is generally distinguished by its brass-yellow 
color and finely radiated or capillary structure. Thin 
pieces give a metallic sound when struck. The 
mineral is not found in many locaUties in the United 
States, in commercial quantities. It is quite a valuable 
ore of nickel, and is closely associated, in fine particles, 
with pyrrhotite, also with siderite, dolomite, and hematite. 

Garnierite (Noumeile). — ^This mineral is, at present, the 
chief source of nickel. It is composed of nickel, mag- 
nesium silicate, and water. It occurs as an incrustation, 
with fine stalactitic surfaces, and also as a powder. Color 
bright apple-green to white; lustre dull to varnish-like; 
streak light green to white; sometimes unctuous, also 
sometimes adheres to the tongue. Never found as crys- 
tals; no cleavage; uneven fracture; hardness 2 to 3; speci- 
fic gravity 2.3 to 2.8; generally friable or easily crushed 
7 
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between the fingers. Infusible. However, when heated 
it breaks up and finally becomes magnetic. Partially 
soluble in acids, and with nitric acid gives a green solu- 
tion. This mineral somewhat resembles malachite, atac- 
amite, chrysocoUa, and a few other green minerals, but 
differs from malachite by its not effervescing in acids; 
from chrysocoUa by its hardness; from atacamite by its 
hardness and flame color, and generally from the other 
green minerals by its friability, green solution with nitric 
acid, magnetic properties after heating, and unctuous 
feel. It is found in a few places in the United States in 
commercial quantities. As before stated, it is probably 
the chief source of nickel. 

Pentlandite, — This mineral is composed of nickel, iron, 
and sulphur. It is not foimd in many localities, Sud- 
biuy, Ontario, being the most noted locality in North 
America. It occurs with chalcop)aite and pyrrhotite, 
and is generally massive. Color light bronze-yellow; 
lustre metallic; streak black; cleavage fairly good; fracture 
uneven; hardness 3.5 to 4; specific gravity 4.6 to 5; brittle; 
fuses easily to a magnetic globule, and gives the sulphiu: 
fumes. Soluble in nitric acid, giving a green solution. 
Pentlandite is mined quite extensively at Sudbury, 
Ontario, as a nickel ore. 

Annahergite {Nickel Bloom). — Composed of nickel, 
arsenic, and water. Foimd needle-shaped and also 
massive. It is a secondary mineral. Generally occurs 
as an incrustation on niccolite or smaltite, resulting from 
the decomposition of these minerals. It is found in most 
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nickel mines, especially those containing the minerals 
smaltite and niccolite. Not of much commercial value. 
Color pale apple-green, occurring as an incrustation; 
lustre pearly to vitreous; streak greenish-white; fracture 
uneven, or earthy; hardness i to 2; specific gravity 3.08; 
fuses easily before the blowpipe, giving oflf white fumes 
which have the garlic odor. If heated for some time the 
fused mass becomes magnetic. Soluble in nitric acid, 
giving a green solution. Generally determined by its 
color; occurrence as crusts on nickel or cobalt minerals; 
hardness and a few other physical tests. Not found in 
large quantities and is not an important nickel mineral. 

Zaratite. — ^This mineral is a nickel carbonate. It is a 
secondary mineral, and often occurs as an incrustation. 
It also occurs as stalactites and compact massive. Color 
emerald-green; lustre \dtreous; streak pale emerald-green; 
no well-defined cleavage; fracture smooth; hardness 3 to 
3.5; specific gravity 2.6; brittle; infusible. Dissolves 
quite easily with effervescence in hot dilute hydrochloric 
acid. If pulverized and heated in a test tube, the mineral 
turns to a grayish-black color and becomes magnetic. 
It will also give a green solution with nitric acid. It may 
generally be determined by its occurrence as an incrusta- 
tion mineral, by its color, lustre and streak, by its action 
with hydrochloric acid, and by its magnetic properties after 
heating. The mineral is not important, and does not 
occur in many localities. 

Pyrrhotite, — ^This mineral is one of the large sources of 
nickel. While not containing any nickel in its chemical 
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make-up, the nickel ores are so intimately and finely mixed 
with pyrrhotite that this mineral is used as one of the 
important ores. 

COBALT MINERALS 

There are not many minerals of cobalt. The metal 
cobalt has a very limited use, and hence these minerals are 
not a very important group. 

Smaltite, — Composed of cobalt, nickel, and arsenic, 
with, generally, some iron. Occurs massive generally, 
but sometimes as crystals, especially curved-faced cubes. 
The mineral is found with other metallic minerals, such 
as copper, nickel, silver, and cobalt. Not found in many 
localities in the United States. Color tin-white, also 
steel-gray; sometimes showing a play of colors, especially 
after being exposed; lustre metallic; streak grayish- 
black to black; cleavage fairly distinct; fracture uneven; 
brittle; hardness 5.5 to 6; specific gravity 6.5. Soluble in 
nitric acid, giving either a red or green solution, depending 
upon the amount of cobalt or nickel present. When 
heated on charcoal, the mineral gives oflF white fumes 
with a garlic odor, and becomes magnetic. If struck 
with the hammer several times, to break off small pieces, 
it will give the garlic odor. This mineral may be deter- 
mined from other cobalt minerals, except cobaltite, by its 
cleavage, specific gravity, color, and odor of its fumes. 
Also from the other minerals it may resemble, by its 
generally giving a red color to the solution when dis- 
solved in nitric acid, or fused with sodium carbonate; 
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and a blue color when fused with borax or powdered 
glass. Smaltite is the chief source of cobalt. 

CobaltUe {Cobalt Glance). — Composed of cobalt, arsenic, 
and sulphur. Occurs very commonly as crystals, such as 
cubes and other crystals, resembling iron pyrite; also 
found massive. Color silver-white to reddish, also steel- 
gray to slightly violet; lustre metallic; streak grayish-black 
to black; cubic cleavage; fracture imeven; hardness 5 to 6; 
specific gravity 6 to 6.3; brittle. When heated it gives 
off white fumes, having a garlic odor; and after being 
roasted for some time it becomes magnetic. If the 
roasted mineral be pulverized and placed upon a silver 
coin with a drop of water the coin will turn a blackish- 
brown color, due to the presence of sulphur. Soluble in 
warm nitric acid, giving a reddish-colored solution, and 
leaving sulphur and arsenic oxide at the bottom of the 
test tube. This mineral may be determined by its gen- 
eral physical properties, garlic odor of fumes, sulphur 
action on silver coin, red solution with nitric acid, and 
its magnetic properties after being roasted. The min- 
eral is used in making cobalt glass and in painting on 
porcelain. It does not occur in many places in the 
United States. 

LinnaUe, — This mineral is also known as cobalt 
pyrites, and is composed of cobalt and sulphur, also 
sometimes nickel. It occurs with nickel and other 
cobalt minerals; with chalcopyrite and other copper 
minerals, and is found in but few localities in the United 
States, chief among them being Missouri and Nevada. 
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Color pale steel-gray with a copper-red tarnish; liistre 
metallic; streak grayish-black; cleavage not very good, 
but imperfect cubic; hardness 5.5; specific gravity 4.8 to 5; 
brittle. When this mineral is heated it gives off the odor 
of burning sulphur, and becomes magnetic. Soluble in 
nitric acid, giving a light red solution, with sulphur sepa- 
rated and found at the bottom of the test tube. If fused 
with borax or glass or sodium carbonate, it imparts to the 
mass a dark blue color. Does not occur in large quan- 
tities, but is mined both as an ore of nickel and cobalt. 

Erythrite {Cobalt Bloom). — ^This is a secondary mineral, 
with a composition of cobalt, arsenic, oxygen, and water. 
It is not an important mineral, and is not found in many 
localities. It occurs as an incrustation, as small crystals, 
and as small globules. Color crimson to peach-red, also 
sometimes grayish to greenish; lustre pearly to vitreous, 
also dull and earthy; streak paler than color. When the 
mineral is powdered and dried it becomes quite a deep 
blue. Cleavage fairly good; sectile; hardness 1.5 to 2.5; 
specific gravity 2.95; thin pieces slightly flexible; easily 
fusible. Emits white fumes when heated, that have a 
garlic odor. Becomes magnetic after fusion. Soluble 
in hydrochloric acid, making a pink or light red solution. 
Often found encrusting smaltite or cobaltite. 

AsboUte.-Tlns mineral is part cobalt and part man- 
ganese oxide, and is generally fine, earthy. It is known 
as earthy cobalt, and, of course, is a secondary mineral. 
It has a brown to black color; dull lustre; soils the fingers 
like soot; specific gravity about 3, and the mineral is the 
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result of the decomposition of manganese cobalt ores, 
and is generally found as an incrustation or powder upon 
them. It is of little or no importance, and is not found in 
many localities. 

IRON MINERALS 

The use of iron is so familiar to all that little or nothing 
need be said about it. There are many iron ores, but 
few, however, are used in a large way. The native iron, 
unlike native copper and native gold, is of very little 
value conmiercially, owing to its scarcity. The chief iron 
ores, like other ores, are not always the richest in iron. 
The United States is the largest iron producer in the world, 
and most of the iron of the United States comes from 
three states, Minnesota, Wsconsin, and Michigan. 
There are many other localities where fairly good iron 
deposits are found, but none like those of the Lake 
Superior region. 

Native Iron. — ^There are two kinds of native iron, the 
terrestrial, or that found in the volcanic rocks of certain 
localities; and meteoric, or which that has fallen as 
meteors. The latter generally contains more or less 
cobalt and nickel, and sometimes manganese in its make- 
up. If a piece of native iron is found, one may gener- 
ally fairly easily tell whether it is meteoric or terrestrial 
iron by polishing a part of it, or grinding down a part 
of it to a smooth surface, and putting upon this face a 
little nitric acid; if it is meteoric iron, regular triangles 
and parallelograms will be formed on the It^^ of the iron. 
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These lines will be fairly fine, and etched by the add. 
Native iron is found in masses small to quite large. 
Color steel-gray to iron-black; .lustre metallic; streak 
metallic or steel-gray; tough, malleable and sectile with 
difficulty; hardness 4 to 5; specific gravity 7.3 to 7.8; 
cleavage of meteoric iron cubic; fracture hackly; in- 
fusible. Attracted by the magnet. Soluble in acids. 
The only locality where native iron is foimd in large 
quantities is on Disco Island, Greenland. 

Magnetite {Lodestone). — Coinposed of iron and oxygen. 
The mineral is found in eight-sided crystals, also massive, 
laminated or micaceous, granular, sand, etc. It is found 
in most gold placers, and is known as "black sand." 
Color iron-black; lustre metallic; streak black; cleavage 
not distinct; fracture sub-conchoidal to uneven; strongly 
attracted by a magnet, often forms a natural magnet of 
itself; hardness 5.5 to 6.5; specific gravity 5.17; brittle. 
Almost impossible to fuse the mineral with a blowpipe; 
fusing not possible by ordinary methods. When pul- 
verized, the mineral is soluble in hydrochloric acid. It 
is generally identified by its color, weight, black streak, 
and being strongly attracted by a magnet. Other min- 
erals are strongly attracted by a magnet, but no other 
mineral with the same color and streak is so strongly 
magnetic. Franklinite, rutile, and ilmenite all resemble 
magnetite, are all black minerals, but are only slightly 
attracted by the magnet, and generally have not a black 
streak* Magnetite is very rich in iron, having 72.4 
per cent, in its composition, Jt is not, however, the most 
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important iron ore. In the United States it is found in 
many localities, especially in the states of New York, 
Michigan, New Jersey, Pennsylvania, Montana, etc. In 
the United States the natural magnets are found prima- 
rily at Magnet Cove, Arkansas. Magnetite furnishes 
from 10 to 12 per cent, of the iron ore of America. 

Hematite, — This mineral is also known as specular iron, 
and red iron ore. Its composition is iron and oxygen, 
with, however, a less amount of iron than is found in 
magnetite. It occurs massive, striated, radiated, mica- 
ceous, and earthy. Found in large deposits in many 
localities in the United States, especially in the Lake 
Superior district. Color iron-black, steel-gray, cherry- 
red; lustre metallic to dull, and sometimes earthy; streak 
always reddish, generally cherry-red to brownish-red; 
fracture uneven, also fibrous and scaly; hardness 5.5 to 6.5; 
specific gravity 5.3; brittle when massive; infusible. 
When heated for some time it becomes magnetic. Soluble 
in hot muriatic acid. Hematite is one of the most widely 
distributed of minerals. It is found in rocks of all ages, 
and in many localities in large deposits. There are 
several varieties of hematite, and it is the most important 
ore of iron. It is also used for paint and also to a small 
degree for polishing-material. Hematite often resembles 
other iron ores and also other minerals; however, it may 
be distinguished from practically all of them by its streak 
and being strongly attracted by a magnet after being 
heated. Hematite, especially in the micaceous or specular 
variety, is many times taken for galena — ue.^ th? steel 
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galena variety. However, a drop of hydrochloric acid on 
galena will give the odor of decayed eggs, but will give 
no odor when placed upon hematite. Besides, steel 
galena has a grayish-black or lead-gray streak, and hema- 
tite has a reddish streak. 

Limonite, — Known also as brown hematite, and as 
bog-ore. Composed of iron, oxygen, and water. This 
mineral does not crystallize, but occurs massive, earthy, 
stalactitic, fibrous, and sometimes as concretions. There 
are several varieties, among which ochre is one of the 
most important. Color dark brown, yellowish-brown, 
nearly black, oftentimes resembling the rust of iron; 
lustre silky, dull, and earthy; streak yellowish-brown; no 
cleavage; hardness when massive and compact, 5 to 5.5; 
however, more or less decomposed and soft. This min- 
eral often forms from the decomposition of iron p)rrite 
and assumes the shape of the p)rrite crystals. Specific 
gravity 3.6 to 4; brittle to earthy; small, thin splinters 
slightly fusible. If pulverized and heated for some time 
the mass becomes magnetic. Soluble in hydrochloric 
acid. Grenerally distinguished by its color, streak, lack 
of crystallization, and magnetic properties after heating. 
Limonite is the most common and abundant of iron ores, 
but it is not used to any large extent as an ore, owing to 
its low value in iron, and the presence, in many localities, 
of much richer iron ores such as hematite and magnetite. 
It is used, especially the earthy or ochreous varieties, for 
paint and a few other purpose. 

Siderite {SpcUhic Iron). — Composed of iron carbonate. 
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Occurs massive, crystallized, granular, and earthy. Color 
generally ash-gray to brown, also yellowish to black; 
lustre vitreous to pearly; streak generally white, but must 
be made from the face of a fresh fracture, sometimes pale 
yellow; cleavage rhombohedral perfect; fracture uneven; 
hardness 3.5 to 4; specific gravity 3.85; brittle. If heated, 
the mineral decrepitates or pops, and cracks up into fine 
pieces, turns black and becomes magnetic. Soluble in 
hot hydrochloric acid, with effervescence. Siderite is 
generally determined by its effervescence with hot hydro- 
chloric acid and becoming magnetic upon heating. It 
resembles dolomite and a few other minerals, but the 
simple tests given above are sufficient to distinguish it 
from all the other minerals. The mineral is found in 
many localities, and in some places in quite large quantities. 
It is used as an ore of iron, but is not nearly so important 
as some of the oxides especially hematite. 

Pyriie {FooVs Gold). — Composed of iron and sulphur. 
Occurs crystallized as cubes, etc., and also massive. 
Color generally pale brass-yellow, sometimes darker or 
brownish from exposure. The mineral alters quite 
readily and forms limonite or hematite or other iron 
minerals. The mineral is found in many kinds of rocks 
and very widely distributed in natiure. It is very abun- 
dant in many ore deposits, and as such is a great carrier 
of gold. Lustre metallic; sometimes very bright; streak 
greenish-black to brownish; no cleavage; fracture uneven; 
hardness 6 to 6.5; specific gravity 4.9; brittle. If pul- 
verized and heated the mineral bums with a bluish fiame 
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and gives oflF the odor of burning sulphur. After being 
heated this way for some time, the mass is strongly 
attracted by a magnet. If the mass be placed in hydro- 
chloric acid and heated it will give oflF hydrogen sulphide. 
This mineral may generally be distinguished by its color, 
brittleness, action when heated, streak, hardness, and 
often by the shape of the crystals. The other minerals 
that resemble p3rrite are all, with the exception of mar- 
casite, very readily recognized from it by the absence of 
part or all of the above tests. P)rrite is often taken for 
gold, and also for calchop)rrite; the former, however, is 
fairly soft and malleable; and the latter always gives a 
green flame color. P)rrite is used for the manufacture of 
sulphuric acid, and is often mined for the gold which it 
contains. 

Marcasite {White Iron Pyrite). — ^This mineral has the 
same composition as pyrite, and it is practically impossible, 
by ordinary methods, to distinguish the one from the 
other. It has a little lighter color than iron p3nite, but 
generally not sufficient to make any marked difference. 
It is found in several localities, but is not nearly so abun- 
dant nor so widely distributed as iron p)rrite. It is gen- 
erally taken for iron pyrite, and as it is used for practically 
the same purpose, and has the same composition, there 
is no special reason why one in the field should not call 
it iron p)rrite. 

Pyrrhotite, — This is another mineral composed of iron 
and sulphur, but having 60.4 per cent, of iron instead of 
46*6. per cent., the amount of iron that iroix pyrite 
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contains. It generally has intimately mixed with it 
more or less amounts of nickel, and, as before stated, 
is mined to quite a large extent as a nickel ore. It occurs 
usually massive, but is sometimes found as flat hexagonal 
crystals. Color bronze-yellow to copper-red, somewhat 
darker than pyrite; tarnishes quite readily; lustre metallic; 
streak grayish-black; quite strongly attracted by a magnet; 
cleavage not very distinct; fracture uneven; hardness 3.5 
to 4.5; it can be scratched with a knife, much softer than 
iron pyrite or marcasite; specific gravity 4.5; brittle. If 
pulverized and heated it becomes black and gives off the 
fumes of burning sulphur, but does not burn like iron 
pyrite. Before the blowpipe on charcoal, it fuses. Solu- 
ble in warm hydrochloric acid, and gives off hydrogen 
sulphide. Pyrrhotite is oftentimes mistaken for other 
minerals, but its magnetic property, its color and its hard- 
ness, together with its sulphur test upon its being heated, 
will practically always be sufficient tests to determine its 
identity. 

Turgite. — Composed of iron and oxygen. It occurs as 
incrustations and grape-like masses, also fibrous. Color 
dark reddish-black when massive, but light red when 
earthy; lustre sub-metallic, dull and earthy; streak red; 
this mineral is generally found with limonite or hema- 
tite. Very rich in iron. No distinct cleavage; splintery 
fracture; hardness 5.5 to 6; specific gravity 4.3; if heated 
in a test .tube it decrepitates or flies all to pieces, turns 
black and becomes magnetic. Brittle generally. Very 
much resembles both hematite and limonite, but may be 



no PRACTICAL MINERALOGY SIMPLIFIED 

distinguished from them by its violent decrepitation 
upon being heated, and by its streak being much 
redder than hematite. The mineral is used as an ore 
of iron, but is generally known as limonite in a com- 
mercial way. 

Chromite {Chromic Iron), — Composed of iron, chro- 
mium, and oxygen. Generally occurs massive, some- 
times granular. Color black and very much resembles 
magnetite; lustre generally metallic; streak dark brown. 
This mineral is found very closely associated with ser- 
pentine, and in some localities is found in quite large 
quantities. Fracture uneven; hardness 5.5; specific 
gravity 4.3 to 4.6; brittle; infusible by ordinary 
methods. If pulverized and heated for some time the 
mineral becomes magnetic. Insoluble in acids. This 
mineral is rather hard to determine by simple 
methods, but is generally recognized from magnetite, 
which it very much resembles, by its streak and not being 
attracted by a magnet before heating. The streak 
generally distinguishes it from hematite, and its color 
from limonite. One of the best ways of telling this 
mineral is by its close association with the greenish ser- 
pentine. The chief use of chromite is in furnishing the 
chromium compounds, and in the manufacture of steel. 
Chrome ore running about 50 per cent, is valued at from 
$14 to $16 per long ton. 

Melanterite {Copperas), — Composed of iron sulphate 
and water. Found many times as crystals; generally, 
however, fibrous, stalactitic concretionary, and sometimes 
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massive and earthy. It is formed from the natural 
decomposition of iron p)rrite and other iron sulphides. 
It is not very common, and as a natural product has little 
or no value. Color, various shades of green, also white; 
but becomes yellowish white upon being exposed to the 
atmosphere; lustre vitreous; streak uncolored; cleavage 
perfect; fracture conchoidal; hardness 2; specific gravity 
1.9; brittle. If heated for some time, it turns black 
and becomes magnetic. Easily soluble in water. Taste, 
sweet, metallic, astringent or puckery. 

Goethiie. — Composed of iron, oxygen, and water. 
Occurs as incrustations, prismatic crystals, needle-like 
forms, scaly, and massive. Found with hematite and 
limonite in several localities, where some large deposits 
have been reported. It is used as an iron ore, but 
commercially it is classed as brown hematite or 
limonite. Color dark brown, yellowish-brown, red- 
dish, and sometimes nearly black; lustre adamantine 
to dull; streak yellow to brownish-yellow, ochre-yel- 
low; cleavage very perfect; fracture uneven; hardness 
5 to 5.5; specific gravity 4 to 4.4 ; brittle; slightly fusible 
in small, thin pieces. After heating for some time to a 
fairly high temperature the mineral turns black and 
becomes magnetic. Soluble in hydrochloric acid. Rather 
hard to determine and will generally be called hematite 
or limonite. The stieak, however, throws it out of the 
hematite group. 
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MANGANESE MINERALS 

There are several manganese minerals, but only a very 
few of these are used to any large extent as manganese 
ores. Manganese minerals are used principally in the 
manufacture of alloys with iron. The minerals are also 
used to a small degree as disinfectants, coloring of glass 
and pottery, and in the manufacture of dry batteries, etc. . 
The oxides are the most important manganese ores, and 
they, together with one or two other manganese minerals, 
will be the only ones discussed. 

Pyrolusite. — This mineral is composed of manganese 
and oxygen, and generally occurs as finely radiated 
needles, and also compact massive. Color iron-black to 
steel-gray, also bluish; lustre metallic; streak black to 
bluish-black; soils the fingers, but not unctuous. It is 
a secondary mineral, and is very closely associated with 
the iron ores and other manganese minerals. No dis- 
tinct cleavage; fracture splintery; hardness 2 to 2.5; 
specific gravity 4.8; rather brittle; infusible. If glass is 
pulverized and a very small amount of this mineral is 
mixed with it, and afterward fused, it will turn the glass 
an amethystine color. Soluble in warm hydrochloric acid 
with evolution of chlorine gas. This gas may be deter- 
mined by its greenish color and peculiar odor and choking 
effect when breathed through the nose. Pyrolusite is 
generally distinguished from all other minerals that 
resemble it by its softness, soiling the fingers, black streak, 
and the evolution of chlorine gas when heated with 
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hydrochloric acid. Pyrolusite is used in the manufacture 
of iron, in the manufacture of glass, in varnishes, and for 
several other purposes. The ore is probably worth from 
$20 to $30 per ton. Some of the real pure ore will, of 
course, be worth much more. 

Psilomelane (Black Hematite). — Composed of hydrogen, 
manganese, and oxygen. The mineral occurs massive, 
grapelike, in layers with pyrolusite, and also stalactitic. 
It is never found as distinct crystals. Color iron-black 
to dark steel-gray; lustre sub-metallic to dull; streak 
brownish-black, shining; no distinct cleavage; fracture 
uneven; hardness 5 to 6; specific gravity 3.7 to 4.7; brittle; 
infusible. The mineral is soluble in hydrochloric acid, 
the same as pyrolusite, with the evolution of chlorine 
gas. If a small amount is fused with pulverized glass 
it will turn the mass an amethystine color. Psilomelane 
resembles pyrolusite, but is much harder. It does not 
soil the fingers as does pyrolusite. Psilomelane may be 
mistaken for limonite, but Umonite has a yellowish-brown 
streak, while this mineral has a blackish streak. Pyro- 
lusite and psilomelane are closely associated and are 
mined together and used for practically the same purposes. 

Wad, — Sometimes known as " bog-manganese." Com- 
posed of impure oxide of manganese and water. Gener- 
ally of an earthy character, and also massive. Color 
gray, brown, dull black; lustre dull; streak brown; hard- 
ness i to 6; often very soft and powdery; specific gravity 
3 to 4.26. This mineral gives tests almost the same as 

for pyrolusite and psilomelane. It is used in the manu- 
8 
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facture of chlorine, and also as a paint. The mineral is 
not of much importance, but has some use in a com- 
mercial way. 

Manganite. — Composed of manganese oxide and waten 
Occurs very often in crystal bunches, very seldom mas- 
sive. Color dark steel-gray to iron-black; lustre sub- 
, metallic; streak reddish-brown, sometimes nearly black; 
cleavage perfect; fracture uneven; hardness 4; specific 
gravity 4.3; brittle. Manganite resembles pyrolusite very 
much; it is, however, much harder and is generally found 
in grouped crystals. It does not soil the fingers like 
pyrolusite, but gives chlorine gas with hydrochloric acid, 
and colors powdered glass an amethystine color when 
fused with it. It is found in several localities, but seldom 
in large quantities. When this mineral loses water it 
changes to pyrolusite, braunite, etc. 

Braunite, — Composed of manganese and oxygen, and 
sometimes some manganese silicate. Occurs granular 
massive, and sometimes as octahedron crystals. Color 
dark brownish-black to steel-gray; lustre sub-metallic; 
streak brownish-black; cleavage perfect; fracture uneven; 
hardness 6 to 6.5; specific gravity 4.8; brittle; infusible. 
Soluble in hydrochloric acid, giving oflF chlorine gas. 
Distinguished from most of the manganese minerals by 
its hardness, and distinguished from most other minerals 
by its action with hydrochloric acid and its fusion with 
powdered glass. Found in quite large quantities in 
some places, and is mined as an ore of manganese. 

Rhodochrosite, — Composed of manganese carbonate. 
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Occurs massive with rhombohedral or diamond-shaped 
cleavage; also granular. Crystals not very common, 
sometimes as incrustations. Color pink, rose-red, brown- 
ish, yellowish-gray, etc.; lustre vitreous to pearly; streak 
white; cleavage perfect; fracture uneven; brittle; hardness 
3.5 to 4.5; specific gravity 3.5. When heated the mineral 
pops violently and breaks up, turns a brownish-black, but 
is not fusible. Soluble in hot hydrochloric acid, with 
effervescence. The color of this mineral becomes quite 
pale when exposed to daylight for some time. Rhodo- 
chrosite may generally be determined by its color, rhombic 
cleavage, hardness, effervescence in hydrochloric acid, 
and if fused with glass or borax will give an amethystine 
color to the mass. This mineral is foimd in several 
localities in ore veins, but in few places in large deposits. 
The pianganese minerals, as before stated, are not an 
extremely important group, but they have their place in 
the manufacturing world, and hence are of some impor- 
tance and use in an economic way. Coming, as they do, 
so closely associated with iron both in nature and the 
manufacturing of iron alloys, it is not out of place to include 
them in this discussion immediately after the iron minerals. 



Chapter IX 
NON-METALLIC MINERALS 

The preceding chapters have covered, to a fair degree, 
the minerals that may be, and generally are, known as ore 
minerals or metallic minerals. While all of the minerals 
previously discussed are not, in reality, ores, they are 
metallic minerals, i.e., having in their composition more 
or less metallic elements, and naturally thrown into that 
class. Most of them have metallic lustres, and most 
have a fairly high specific gravity, and are quite easily 
fusible. 

The minerals that are to be discussed imder the head of 
the non-metallic minerals will be largely minerals of non- 
metallic lustre, low specific gravity, and many of them 
rather difficult to fuse. Most of the minerals previously 
discussed are more valuable than those that are to be 
discussed in the succeeding chapters. 

It is the writer's aim to take up, in the forthcoming 
chapters, most or practically all of the economic non- 
metallic minerals, and give their physical characters, and 
a few other simple tests, that will enable any one to deter- 
mine the minerals. It is probably impossible, however, 
from such a meagre discussion, for every one to be able 
to identify every mineral taken up. However, the writer 

ii6 
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believes that most people, who make these tests carefully, 
will be able to identify most of the minerals. 

As previously stated, the non-metallic minerals will be 
discussed alphabetically; however, the varieties of a min- 
eral will be mentioned when the principal mineral is given. 

AlbUe, — This mineral is one of the feldspars, and has 
rather a complex composition. It is composed of sodium, 
aluminum silicate. Occurs massive, and also in crystals; 
color generally white, but sometimes gray, reddish, green- 
ish, etc.; lustre vitreous; streak uncolored; cleavage gen- 
erally good; fracture uneven to shell-shaped; hardness 6 to 
6.5; specific gravity 2.62; brittle; sometimes transparent in 
thin pieces, also, sometimes, the mineral will give a splen- 
did play of colors on the cleavage surface. Not acted 
upon by acids, and not fusible at ordinary temperatures. 
The mineral is found in many localities, but it has little 
or no special value. It is rather difficult to determine, 
but generally its hardness, color, and lustre, together with 
its not being acted upon by acids, are the chief distinguish- 
ing points, and often enable one to identify the mineral. 

Alunite {Alum Stone). — Composed of potassium, alum- 
inum silicate, and water. This mineral generally occurs 
fibrous massive, and often intimately mixed with quartz. It 
also occurs as nearly cubical crystals, and also sometimes 
granular; Alunite is not a widely distributed mineral, 
and is. mostly foimd in igneous regions. Color white to 
gray; lustre vitreous; streak "white; cleavage sometimes 
distinct, but sometimes almost absent; fracture shell- 
shaped to tmeven; hardness 3.5 to 4; specific gravity 2.6; 
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brittle; infusible, but when heated it pops and breaks into 
small pieces. Slightly soluble in acids. When heated 
with soda and afterward pulverized and placed upon a 
silver coin, with a drop of water, it turns the coin black, 
showing the presence of sulphur. Alunite may generally 
be determined by roasting the mineral, then pulverizing 
and putting water upon the powder and allowing it to 
remain for some time; agitate occasionally, then draw oflF 
the liquid solution and allow to remain for a few hours, 
when alum crystals will be formed. Alunite is used for 
the manufacture of Roman alum, and to some extent for 
millstones. 

Amber (Stu:ciniie). — Composed of carbon, hydrogen, 
and oxygen. One of the many hydrocarbon compoimds. 
It is fossil resin, and generally occurs massive. Color 
generally yellow to brown, usually transparent; lustre 
resinous; streak white; no cleavage; fracture conchoidal; 
hardness 2 to 2.5; specific gravity 1.05; brittle; easily 
fusible, and burns with a yellowish flame. If rubbed 
vigorously with a piece of cloth the mineral will become 
electrified and attract small pieces of paper like a magnet 
attracts iron filings or tacks. If the mineral is heated 
just to the melting-point it gives oflf dense white fumes 
that have a peculiar odor, which somewhat irritate the 
nasal organs. It may generally be determined by its 
color, weight, fusibility, and electric properties. Amber is 
found in several places, but chiefly in Prussia, on the coast 
of the Baltic Sea. It has been known for a long time. 
The principal use is in the manufacture of the stems of 
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pipes, as jewelry, and some of the cheaper grades of 
varnishes. 

Amblygonite. — A compact, massive mineral, somewhat 
resembling orthoclase, and composed of lithium, alimi- 
inum, fluorine, and phosphorus. Not found in many 
localities, but large quantities are found at Pala, Cali- 
fornia; other places in the United States are Connecticut, 
Maine, etc. Color generally white, but sometimes pale 
green or blue; lustre vitreous to greasy; streak white; 
cleavage generally fairly good, usually columnar; fracture 
uneven; hardness 6; specific gravity 3; brittle; fuses quite 
easily, and swells up like popcorn. Some varieties give 
an intense red flame, lithia flame. If fused for some time 
at a fairly high temperature, in a glass test tube, the in- 
sides of the tube will be etched or corroded, showing 
the presence of fluorine. The powdered mineral is fairly 
soluble in acids. It may generally be determined by its 
hardness, flame color, color, action on glass when heated, 
and general appearance. Amblygonite is one of the 
important sources of lithia, and workable deposits are 
more or less valuable. 

Amphibole {Hornblende). — This mineral is a complex 
silicate, and the amphibole group contains several varieties. 
It occurs massive, also columnar or fibrous, and as crys- 
tals. Hornblende is found in many localities, especially 
in crystalline limestones and granites, but not so plenti- 
ful in volcanic rocks. Some varieties of this mineral are 
fairly important in an economic way. Color black, white, 
green, brown, etc.; lustre vitreous of most varieties, but 
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silky of the fibrous kind. Streak white to greenish; 
cleavage fairly good; fracture uneven; hardness 5 to 6; 
specific gravity 2.9 to 3.4; brittle, tough; not acted upon 
by acids; easily fusible with the blowpipe, but not easily 
fusible by ordinary methods. This mineral is rather 
difficult to determine, but the following varieties may 
generally be determined by their form, color, lustre, and 
general appearance. Actinolite is a bright green amphi- 
bole, generally radiating from a centre. The small 
columnar crystals are very characteristic of this variety. 
Asbestos — easily separated into small fibres, silky, color 
white to green. Hornblende proper — ^almost always 
black or green in color, and shows fairly good cleavage 
faces, sometimes the faces are quite small. Jade — 
compact and tough, with very small fibres; color from 
white to dark green. This mineral is often taken for 
both pyroxene and tourmaline. However, tourmaline 
has little or no cleavage, and generally a hackly fracture 
and not at all fibrous. The chief difference between 
pyroxene and amphibole is in the cleavage and non- 
fibrous form of pyroxene. 

Asbestos and jade are the chief economic minerals in 
this group; the former being used as an incombustible and 
non-conductor of heat, etc., and the latter for orna- 
ments, etc. Crocidolite is another fibrous blue-green 
variety, which is commonly known as "tiger's eye." It 
is found in only one or two places, and is used as a semi- 
gem stone. 

Apatite. — Composed of calcium phosphate primaril}', 
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but containing a small amount of fluorine, and sometimes 
chlorine. Occurs very frequently as hexagonal crystals, 
also massive. Color usually green, also brown and 
colorless; lustre vitreous; streak white; cleavage poor; 
fracture uneven to shell-shaped; hardness 4.5 to 5; specific 
gravity 3.2; brittle; infusible by simple methods. Soluble 
in nitric and hydrochloric acids. Generally determined 
by its shape, green or brown color, lustre, hardness, and 
sometimes by its giving off light when heated, especially 
shown when heated in the dark. There are several species 
of phosphate rock, but the chief one is guano. Apatite 
is found chiefly in limestone and granites. This mineral 
and its varieties are used in the manufacture of phos- 
phorus and as a fertilizer. 

Aragonite, — Composed of calciiun carbonate. Occurs 
as rhombic crystals, needle-shaped crystals, incrustations, 
and stalactites. It is not a very common mineral, and is 
not found in many places. Color white, yellowish, violet; 
lustre vitreous; streak white; not very good cleavage; 
fracture nearly shell-shaped; hardness 3.5 to 4; specific 
gravity 2.95; brittle; soluble in muriatic acid, with rapid 
effervescence; infusible. Gives red flame color. This 
flame color is readily obt^,ined by putting a drop of add 
on the mineral and as it effervesces hold it in the flame^ 
When aragonite is heated it decrepitates and falls to a 
powder. It is generally determined by its needle-like 
crystals, rapid effervescence in hydrochloric acid, non- 
cleavage and red or calcium flame color. As the mineral 
is not very common, and has little or no conmiercial 
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value, and also has very nearly the same tests as calcite, 
it might be taken for calcite, and may for all practical 
purposes come under that head. 

Asphalium. — A mineral pitch, composed of various 
hydrocarbons. There are many varieties under this 
head, of which asphalt, albertite, gilsonite, etc., are a few 
of the most noted. Occurs as an amorphous massive 
material, with a brown to brownish-black color; lustre 
like pitch; streak brownish, almost like the color, but 
lighter; quite soft; specific gravity i to 1.8; generally 
more or less waxy; melts very easily and bums with a 
bright flame. Bituminous odor. Found in several locali- 
ties in the United States, such as Utah, California, Ken- 
tucky, Texas, Indian Territory, Montana, Colorado, etc. 
It may generally be recognized by its color, lustre, light- 
ness of weight, ease of fusibility, ability to bum, and being 
partially soluble in alcohol. It is used largely in street 
pavements, as a mst-proof paint, in electricity, etc. 
Large deposits are found in Trinidad and Bermudez, 
Venezuela. 

Augite {Pyroocene), — ^There are several varieties of this 
mineral, but they all have a composition of iron, calcium, 
manganese, and aluminum silicate. The name generally 
applied is the pyroxene group, and augite is one of the 
varieties; however, the entire group is sometimes known 
as the augite group. The mineral as a whole occurs 
massive, as crystals, granular, foliated, and sometimes 
fibrous. Color light to dark green, also grayish-white to 
brown; lustre vitreous to resinous; streak white to grayish 



NON-METALLIC MINERALS 1 23 

green; cleavage not as perfect as that of hornblende, but 
sometimes fairly good; fracture uneven; hardness 5 to 6; 
specific gravity 3.2 to 3.6; brittle. Generally not acted 
upon by acids. Fuses easily with a blowpipe, and some^ 
times becomes magnetic. Generally hard to distinguish 
from hornblende; the cleavage of hornblende, however, is 
much better. Augite or pyroxene is quite a common 
mineral, generally foimd in the limestones, with serpen- 
tines, and in volcanic rocks, also with granites but 
less abundant than with the others. This mineral, with 
all of the varieties, is not of much importance in an 
economic way, but it is quite important as a rock 
constituent. 

Barite {Heavy Spar). — Composed of barium sulphate. 
Occurs as massive, nodular, wine-colored crystals and 
granular. Color of the massive generally white, also 
yellowish, brownish, bluish, etc.; lustre vitreous to pearly; 
streak white; cleavage generally quite good, especially of 
crystals; fracture uneven; hardness 2.5 to 3.5; specific 
gravity 4.3 to 4.6; owing to its high specific gravity for a 
non-metallic mineral, it is called heavy spar; brittle; insolu- 
ble in acids. If heated with soda on charcoal, and pulver- 
ized, moistened, and placed on a silver coin, it will turn 
the coin brownish-black; a good test for sulphur. Fuses 
quite easily. If the powder of the mineral is scraped into 
a candle flame it will give a yellowish-green flame color. 
Generally distinguished by means of its high specific 
gravity for a non-metallic mineral, greenish flame color, 
non-solubility in acids, and fusibility. The mineral is 
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found in many localities, and many times found asso- 
ciated with ores of the various metals. 

Barite, especially the massive, is mined in Missouri, 
North Carolina, Virginia, and several other localities. 
It is used as a paint pigment, in the manufacture pf paper, 
and also slightly for ornamental purposes, etc. 

Beryl. — ^This is one of the very hard minerals, and is 
composed of beryllium, aluminum silicate. Occurs in 
hexagonal prisms of various sizes, sometimes massive, 
also granular. Color green, emerald-green, sometimes 
light blue, also reddish and colorless; lustre vitreous; 
streak white; cleavage not good; fracture generally uneven; 
hardness 7.5 to 8; specific gravity 2.64 to 2.8; brittle; not 
acted upon by acids; infusible by ordinary means. Gen- 
erally distinguished by its hardness, form, and color. It 
is very often mistaken for apatite, but apatite may be 
scratched by a knife, while beryl cannot. Many times 
beryl is taken for amazon stone (microclene feldspar), 
but amazon stone has good cleavage, and is softer. It is 
also harder than the other minerals that it resembles, 
except topaz, but topaz generally has a different color, 
and also a better and more distinct cleavage. The chief 
varieties of beryl are (i) EmercUd-greeTi color; (2) Goshen- 
ite — colorless; and (3) The sky-blue which resembles 
sapphire, known as aquamarine. The mineral is found 
generally in schists, slates, and granites. It is found in 
several localities, and the varieties with pronoimced colors 
are highly prized as gems, and are very valuable. 

Biotite. — ^This mineral belongs to the mica family, and 
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the micas are generally distinguished by their eminent 
cleavage. Composed of hydrogen, iron, magnesium, 
aluminum silicate. Very common, more so than any of the 
other micas. Found in granites, and other igneous rocks 
in many localities. Color green to black; lustre pearly to 
vitreous; streak white; cleavage perfect, easily scaled 
off in leaf-Uke sheets, may be separated into very thin 
pieces; hardness 2.5 to 3; specific gravity 2.7 to 3.1 ; elastic. 
The edges whiten when the scales are heated. Not acted 
upon by muriatic acid, but entirely decomposed by sul- 
phuric acid, leaving the silica in small scales. Deter- 
mined by its color, perfect cleavage, and thin pieces 
being elastic; also by its action with sulphuric acid, and 
before the flame. This mineral is not as important, 
commercially, as either muscovite or phlogaphite; but it 
is quite important as a rock constituent. 

Borax (Tinkal). — Composed of sodium, boron, and 
oxygen. Until recently, borax was obtained by means 
of evaporating the waters of certain lakes in California, 
and elsewhere; but at present, most of the mineral is 
mined from large deposits found in California and Nevada. 
It has, undoubtedly, been deposited somewhat similarly 
to g)rpsum and salt. Borax is also manufactured from 
minerals containing boron. Color white, bluish, grayish; 
lustre vitreous, sometimes earthy; streak white; cleavage 
generally perfect; fracture conchoidal; taste sweetish- 
alkaline; hardness 2 to 2.5; specific gravity 1.7; brittle; 
soluble in water; easily fusible to a clear glass, but before 
fusion swells up like popcorn. Flame color yellow. 
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When a small amount is wet with sulphuric acid, and a 
few drops of alcohol placed upon it and lighted, a green 
flame color will be the result, due to the boron present. 
Borax is used for many purposes, such as in soldering, 
assaying, glass, medicine, etc. It is worth about $80 per 
ton, crude crystals. 

Calcite. — Composed of calcium carbonate. Occurs in 
a great many forms, such as crystals, massive, and dia- 
mond-shaped, also stalactitic, fibrous, and granular. 
Color white, colorless, bluish, reddish, etc.; lustre vitreous; 
streak white, sometimes slightly gray; cleavage perfect, 
rhombohedral or diamond -shaped; hardness 3; specific 
gravity 2.71; brittle; easily soluble in muriatic acid, with 
effervescence or violent bubbling. When acid is placed 
upon it, and the mineral is placed in a flame, the red 
calcium flame color is given. Calcite is generally deter- 
mined by its cleavage, hardness, effervescence with acids, 
and red flame color. There are many varieties, including 
the beautifully banded kind, known as travertine onyx. 
When calcite is found clear, it will give two objects instead 
of one when an object is viewed through it. This variety, 
if quite clear, is called iceland spar. Chalk and marble 
are also varieties of calcite. It is very widely distributed 
in nature, and, of course, has a wide use. 

Carnallite, — Composed of potassium, magnesium chlor- 
ide. Found generally massive and granular, in beds; 
but not very widely distributed in nature. Color reddish, 
milk-white; lustre greasy, vitreous; streak white; no 
cleavage; conchoidal fracture, but not especially distinct; 
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taste salty-bitter; hardness i; specific gravity 1.60; solu- 
ble in both acids and water; easily fusible, and gives the 
violet flame color, especially if viewed through a piece 
of blue glass. Generally determined by its color, which 
is probably more reddish than otherwise, hardness solu- 
bility, and flame color. Camallite is used in the manu- 
facture of fertilizers and a few other purposes. 

CelesHte. — ^This is another heavy mineral, with a vit- 
reous lustre. Composed of strontium sulphate. Generx 
ally occurs in tabular forms, but also massive, fibrous, 
and sometimes granular. Color white, bluish, yellowish, 
and grayish; probably the most common color is whitish, 
light blue; lustre vitreous; streak white; cleavage good; 
fracture uneven; hardness 3 to 3.5; specific gravity 3.95; 
brittle ; insoluble in acids. Will give the silver coin sulphur 
test if roasted with sodiimi carbonate. If the powdered 
mineral is brushed into a flame the color will be deep red, 
very much redder than the calciimi flame. The mineral 
is generally determined by its specific gravity, flame 
color, cleavage, sulphur test when heated with sodium 
carbonate, and not being soluble in acids. Celestite is 
often taken for barite, or vice versa, but it may be readily 
told from barite by means of its red flame color. It is 
also distinguished from all carbonates, as carbonates 
effervesce in acids. Celestite is foimd in several localities 
in the United States, and is used largely in the manufac- 
ture of fireworks. 

Chrysolite, — Also known as "olivine." Composed of 
iron, magnesium silicate. Occurs massive, granular. 
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as crystals, but usually as embedded grains. Color yellow- 
ish-green or olive-green, also sometimes brownish, reddish, 
grayish-green, etc.; lustre vitreous; streak white to yel- 
lowish; cleavage fairly good; fracture conchoidal; hardness 
6.5 to 7; specific gravity 3.4; brittle. Infusible by ordinary 
means, but whitens when heated. Decomposed by hydro- 
chloric acid, and forms a jelly-like mass, due to the 
presence of silica. This mineral is generally determined 
by its color, hardness, infusibility, and gelatinizing with 
hydrochloric acid. It is found in igneous rocks in many 
localities, and the transparent kinds are used as a gem 
stone. 

Corundum. — ^This is one of the very hard, vitreous 
minerals, and with the exception of the diamond, it is 
the hardest mineral known. It is composed of aluminum 
and oxygen. There are several varieties of corundum, 
and all are quite valuable. The mineral occurs as crys- 
tals, massive, nodular, and granular. Color blue, red, 
brown, gray, etc.; lustre generally vitreous; streak white; 
cleavage only fair; fracture uneven; the conmdum proper 
variety often has a meshed surface, or very fine lines 
crossing each other, like a sieve; hardness 9; specific gravity 
4; brittle generally, but large and compact pieces are quite 
tough; infusible and insoluble in ordinary acids. Gen- 
erally determined by its hardness, but the transparent 
or semi-transparent or real vitreous varieties are recognized 
by their color. The chief varieties are: the oriental 
emerald, or the green-colored corundum; the sapphire, or 
the blue-colored stone; the red corundum, or ruby; and 
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the dark gray granular corundum, generally mixed with 
magnetite, known as emery. 

The various varieties of corundum are quite valuable, 
and the gem stone, especially the ruby, if of the first water, 
is more valuable than the diamond. Emery is used as an 
abrasive, and at present is one of the chief abrasives in use. 
The varieties of corundum are in quite a few localities, 
and in many kinds of rock. The best and most sapphires 
found in the United States are obtained from a dyke, in 
limestone, at Yogo, in the southwestern corner of Fergus 
County, Montana. The most valuable rubies come from 
Ceylon. The light red garnet is often mistaken for ruby. 
The garnet variety, however, has very little value. 

Cyanite, — Composed of aluminum silicate. Generally 
occurs as large-bladed crystals, in mica schist, gneiss, 
accompanied by garnet, and sometimes corundum. Color 
usually bluish, especially in centre of crystals, also gray- 
ish and greenish; lustre vitreous; streak white; cleavage 
generally fairly good; hardness S to 7; specific gravity 3.6; 
brittle; insoluble in acids, and also infusible. Generally 
determined by means of its hardness, color, and shape of 
crystals. Cyanite occurs in large quantities. It is used 
slightly as a gem stone. 

Diamond, — Composed of pure carbon and the hardest 
of known minerals. Generally occurs as crystals, and 
the most common crystal is a double four-sided pyramid, 
or what is known as an octahedron. It comes, however, 
slightly massive, and very often found in river sands and 
gravels. It is found, however, in other deposits, such as 
9 
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flexible sand stone, serpentine, conglomerate, etc. Color 
generally colorless or yellowish, also blue, gray, and 
black; lustre adamantine; streak colorless; transparent; 
cleavage octahedral, good; hardness lo; specific gravity 
3.5; brittle; insoluble and infusible. Determined by its 
hardness, shape, and lustre. Besides being used and 
highly prized as a gem stone, it is used in diamond drills, 
and the dust for polishing other gem stones. 

Dolomite {Pearl Spar). — Composed of calcium mag- 
nesium carbonate. Found in many localities, and in 
very large quantities. It occurs massive, as diamond- 
shaped crystals, with commonly curved faces, granular, 
etc. Color white, pinkish, gray, brownish; lustre gen- 
erally vitreous if massive, and pearly if crystallized; 
streak white; cleavage good; hardness 3.4 to 4; specific 
gravity 2.8; brittle. Generally determined by its action 
with acids. When the mineral is placed into the cold 
hydrochloric acid, as a rule it does not effervesce; if, how- 
ever, the acid with the mineral in it is heated, a vigorous 
effervescence takes place. Otherwise the ordinary tests 
are practically the same as for calcite. Dolomite is 
slightly harder and also slightly heavier than calcite, but 
generally not enough to be detected by simple methods. 
The acid test is practically always the common deter- 
minative test. The mineral is generally used for the same 
purposes as calcite. 

Epsomite. — Composed of magnesium sulphate. Occurs 
as an incrustation, fibrous and earthy, also sometimes as 
crystals. Color white; lustre vitreous; streak white. If 



NON-METALLIC MINERALS I3I 

allowed to stand for some time in the air, it becomes 
more or less liquid, and is surrounded with a slight amount 
of water. Taste salty and bitter. Cleavage fairly good, 
but in small pieces not easily detected; hardness 2 to 2.5; 
specific gravity 1.7; easily soluble in water, and imparts 
to the water a bitter taste. Epsomite is found in many 
mineral waters, and in the chambers of old mines. It is 
generally determined by its taste, solubility in water, and 
the taste it gives to the solution. It will easily give the 
sulphur test if heated with soda and placed on a silver 
coin with a drop of water. Epsomite is practically the 
same as commercial Epsom salts. 

Epidote. — Composition calcium, aluminimi silicate. 
Occurs as crystals, fibrous, granular, and massive. This 
mineral is found in many rocks, such as gneiss, serpentine, 
mica schist, etc., and is quite widely scattered in nature. 
Color is generally yellowish-green; however, it is found 
nearly black and other colors; lustre vitreous; streak 
white; cleavage fairly good; fracture uneven; hardness 
6 to 7; specific gravity about 3.3; brittle; slightly soluble 
in hydrochloric acid. If fused and placed in hydro- 
chloric acid, it will partially dissolve and leave a gelatinous 
mass of silica. Fuses fairly easily, but swells up before 
fusing. Generally owing to the presence of iron the fused 
mass is slightly magnetic. Recognized by its color, 
hardness, action when being fused, and ease of fusibility, 
and also action with acid. It has little or no commercial 
value. 

Fluorite (Fluor Spar) . — Composed of calcium and fluor- 
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ine. Occurs generally in cubic crystals, sometimes granu- 
lar massive. Color greenish, yellow, and purple, some- 
times almost colorless; lustre vitreous; streak white; 
cleavage good and octahedral; hardness 4; specific gravity 
3; brittle; soluble in hydrochloric acid; fuses fairly easily. 
If put in sulphuric acid and slightly heated, the fumes 
will etch glass. When heated in a test tube, in the 
dark, it pops and breaks up, and emits a slightly bluish 
light, or what is known as phosphorescence. Fluorite 
is generally distinguished by its color, cleavage, ability to 
emit light when heated, and its ability to etch glass, as 
before stated. The mineral is generally found in ore 
veins, as part of the gangue. It is found in several locali- 
ties, and mined quite extensively in Illinois, Kentucky, 
Tennessee, etc. It is used in the manufacture of hydro- 
fluoric acid, as a flux in the manufacture of iron, in the 
manufacture of certain kinds of glass, etc. It has a 
market price of from $8 to $14 per ton, depending upon 
the grade. 

Garnet. — A rather complex silicate. Many varieties. 
Generally occurs as twelve-faced crystals in mica schist, 
and river gravel with magnetite sand, also massive. 
Found in many localities. Color usually red or brownish, 
also yellow, blackish, etc.; lustre vitreous; streak white; 
poor cleavage; fracture uneven; hardness 6.5 to 7.5; 
specific gravity 3.15 to 4.3; brittle; fuses fairly easily, 
especially before the blowpipe. Not soluble in acids. 
However, after fusion, it will gelatinize with hydrochloric 
acid. Generally determined by its color, which is very 
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frequently reddish, shape, hardness, and streak. Some 
of the varieties are used as gems, but the most important 
use is as an abrasive. 

Graphite. — Composition almost pure carbon. This 
mineral is also called "plumbago," and "black lead." 
It is not found in many localities in nature, in commercial 
quantities. Graphite is probably the result of altered 
organic matter, and it is found in limestones and granite. 
Only a few places in the United States is this mineral 
found in large enough amounts to be valuable. New 
York, Montana, Pennsylvania, and North Carolina are 
among the few states where it is now mined. It occurs in 
flakes, masses, and sometimes crystals. Color iron black 
to dark steel-gray; lustre metallic; streak dark gray; 
cleavage fairly good, to small scales, or plates which are 
flexible. Feels greasy and soils the fingers. The mineral 
is also slightly sectile, or is fairly easily cut. Hardness 
I to 2; specific gravity 2 to 2.2; insoluble in acids; infusible. 
Resembles molybdenite, but may be distinguished from 
it by its streak, flame color, and action with acids. If 
graphite is placed in a solution of blue vitriol, and touched 
with a piece of zinc, the graphite very soon becomes 
plated with metallic copper. Graphite has many uses, 
such as in lead pencils, as a lubricant, crucibles, etc., etc. 
It has a value of from 2J to 10 cents per pound, depend- 
ing upon the variety. 

Gypsum. — Composed of calcium sulphate. There are 
several varieties of this mineral. It is found in many 
localities, and in several states of the United States it is 
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found in large quantities, and is of considerable economic 
importance. It occurs massive as rock gypsum; in crys- 
tals as selenite; very white and fine-grained as alabaster 
and anhydrite; and granular or sandlike, known as gyp- 
site; and the fibrous or saiin spar. It occurs in many 
geological ages, and generally associated with limestones 
and clays. Color white, grayish, reddish, etc. Lustre 
vitreous, silky; streak white; cleavage of the crystals 
very good; hardness 1.5 to 2; specific gravity 2.32; brittle. 
The cleavable sheets of the crystal variety are flexible, 
and very easily scratched by the finger nail. Soluble in 
hydrochloric acid. Gives the sulphur test on a silver coin, 
after being heated with sodium carbonate. If pulverized 
and heated slightly for several minutes, and mixed with 
a small amount of water after the mineral is cooled, it will 
set, and form a fairly hard mass, acting like plaster of 
Paris. If the mineral is thus properly roasted, it is in 
reality plaster of Paris. It is generally characterized by 
its softness, and the splendid cleavage in the crystallized 
variety; also by its action after being carefully roasted, 
and the sulphur test. It is used to make plaster of Paris, 
as a fertilizer, for ornamental purposes, and as a stucco 
plaster for plastering. 

Halite {Common Salt). — ^This mineral has a composi- 
tion of sodium chloride and is familiar to everyone. It 
occurs in solution in the waters of all inland lakes; as 
large deposits in several states; in many marshes; and in 
the soils of many localities. It occurs as crystals, incrus- 
tations, massive, etc. Color generally white to colorless; 
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lustre vitreous; streak white; taste salty; splendid cubic 
cleavage; hardness 2.5; specific gravity 2.5; brittle; 
Quite easily soluble in water. Fuses easily and colors the 
flame an intense yellow. When heated it pops and flies 
to pieces.. This mineral may readily be determined by 
its taste alone. However, its hardness, solubility, flame 
color and cleavage are all confirmatory tests. Rock salt, 
as halite is sometimes called, is found in very large deposits, 
and in nearly all geological ages. It is often closely asso- 
ciated with gypsum, and other minerals formed in like 
manner. Salt has many uses and most of them are 
familiar to everyone. 

Kaolinite, — Composed of hydrogen, aluminum silicate, 
oftentimes with iron and organic matter present. Occurs 
massive or earth-like. Formed principally from the 
alteration of feldspars. The pure mineral is not found in 
many places; it is, however, mined in several places in the 
eastern and southern states. Color generally white, also 
bluish, yellowish, etc.; lustre dull, pearly to earthy; streak 
generally like the color; cleavage, when visible, fairly 
good. Generally plastic and unctuous. Hardness 2 to 2.5 ; 
specific gravity 2.6; brittle when dry. Not soluble in 
muriatic or nitric acids, but is decomposed by sulphuric 
acid. Infusible. When breathed upon, it gives a char- 
acteristic earthy odor. Generally determined by its 
odor when breathed upon, infusibility, feel, action with 
acids, and when dry it will adhere to the tongue. Kaolinite 
is used for many purposes, besides being one of the chief 
constituents of many clays. 
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Labradorite {Lime Soda Feldspar), — One of the feld- 
spars. Generally massive, but sometimes found as crys- 
tals. Color grayish, brownish, and sometimes greenish; 
lustre vitreous to pearly; streak unclouded; cleavage good; 
iridescent or showing a change of colors; hardness 5 to 6; 
specific gravity 2.7; brittle. Hard to fuse in ordinary 
flame. Only partially soluble in hydrochloric acid. 
Determined by its color, hardness, and especially the 
beautiful play of colors shown on the cleavage surfaces. 
The mineral has little or no use, but some of the better 
iridescent varieties are used to a limited extent as a semi- 
precious stone. Not found in many localities in deposits of 
any size. 

Lapis Laztdi (Lazurile). — Composed essentially of 
sodium, sulphur, aluminum silicate. Occurs in cubes 
and dodecahedrons, and also massive. Color practically 
always of a deep blue; lustre vitreous; streak white; 
cleavage almost always imperfect; fracture uneven; hard- 
ness 5 to 5.5. Specific gravity 2.4; brittle. Soluble in 
muriatic acid, and gives off sulphureted hydrogen or 
the odor of decayed eggs. Always gives the gelatinous 
silica. Fuses quite easily, and swells up while melting. 
Determined by its beautiful deep blue color, hardness, 
fusibility, action with hydrochloric acid, and, sometimes, 
by its action when heated; as certain varieties give a beau- 
tiful green color when heated, but assume the blue color 
as soon as the mineral cools. Lazurite is not found in 
many localities, and it is used to some extent for inlaid 
work, etc. 
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Lepidolite {Lithia Mica), — A fairly complex aluminum 
silicate. One of the micas. Occurs as small scales or 
granular masses, and not found in any considerable quan- 
tities in many localities. It is often associated with 
rubellite or the red variety of tourmaline. Color rose-red, 
lilac, grayish to whitish; lustre pearly; streak white; 
splendid cleavage, and the thin plates or scales are elas- 
tic. Hardness 2.5 to 4; specific gravity 2.8. Slightly 
acted upon by hydrochloric acid, but after fusion the 
mineral gelatinizes in hydrochloric acid. If lepidolite is 
heated before a blowpipe, it fuses fairly easily, but before 
it fuses it swells up; at the point of fusion it gives to the 
flame a deep purple-red color. This mineral is gener- 
ally determined by means of its color, which is generally 
rose-red or lilac, lustre, cleavage and flame color. Lepido- 
lite is the chief source of lithium salts, and the salts have 
a fairly wide use. 

Magnesile, — Composed of magnesium carbonate. 
Occurs generally massive, also earthy, and sometimes as 
crystals. Found in several localities, but not in many 
places in large enough quantities to be of commercial 
importance. Color generally white, sometimes yellowish 
or brownish; lustre vitreous or earthy; streak white; 
cleavage rather perfect; fracture somewhat shell-shaped. 
Hardness 3.5 to 4.5; specific gravity 3; brittle. Not acted 
upon readily by cold hydrochloric acid. When the min- 
eral is pulverized and put into acid and slightly heated, 
it effervesces quite strongly and dissolves the mineral. 
Gives no distinct flame color. Infusible. Generally 
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distinguished by its color, hardness, action with acids, 
and absence of flame color. Magnesite is used in the 
smelting of iron, in making soda water, in the manufac- 
ture of epsom salts, and for several other purposes. The 
crude mineral brings from $7.50 to $8.50 per ton on the 
New York market. 

Meerschaum (Sepioliie). — Composed of hydrogen, mag- 
nesium, silicate. Occurs in fairly large deposits, in sev- 
eral of the foreign countries, but no deposits, so far, are 
known in the United States. It is found as earthy or 
clay-like masses, also sometimes fibrous. Color almost 
always white, also grayish; lustre dull to earthy; streak 
white; no cleavage; smooth feel; hardness 2 to 2.5; specific 
gravity i to 2. When dry it will easily float on water. 
Brittle. Gelatinizes when heated with hydrochloric acid. 
When heated it does not fuse, but becomes a blackish 
color. The mineral is determined practically always by 
means of its specific gravity. Of course, the other physi- 
cal properties are confirmatory tests. Sepiolite resembles 
several other minerals, but its action with acids and 
especially its lightness distinguishes it from all others. 
It is generally used in the manufacture of tobacco pipes. 

Microcline, — ^This mineral is another of the feldspars, 
and has a like composition to the general feldspar family. 
Found in many localities. Occurs as crystals, also mass- 
ive. Color white to pale yellow, also reddish and green- 
ish; lustre vitreous; streak white; cleavage generally per- 
fect; fracture uneven; hardness 6 to 6.5; specific gravity 
5.54. Brittle. This mineral includes amazon stone as 
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one of its varieties, which is probably the best-known 
variety under this head. It is rather difficult to deter- 
mine microcline from the other feldspars, except the 
variety amazon stone, which may readily be distinguished 
by means of its color. In general the feldspars are dis- 
tinguished from other minerals by their hardness, fairly 
good cleavage, infusibility by ordinary means, and non- 
solubility in acids. Microcline has little commercial value. 

Mirdbilite {Glauber Salt), — Composed of sodium sul- 
phate and water. Occurs mixed with mud, especially 
near Laramie, Wyoming; also in the waters of several 
lakes, both in the United States and in foreign countries. 
It also occurs as crystals in marshes or on the shores of 
lakes, where the water has evaporated and left the mineral 
remaining. Color white to slightly greenish; lustre 
vitreous; streak white; taste cool, salty, bitter. Cleavage 
fairly good; hardness 1.5 to 2; specific gravity 1.48; brittle. 
If allowed to remain in the air for some time, it will fall to 
a powder. Quite easily soluble in water. Fuses fairly 
easily, and colors the flame yellow, due to the sodium 
present. If put on a silver coin, after fusion, and mois- 
tened, it will turn the coin a brownish black, due to the 
presence of sulphur. Fairly easily determined by solu- 
bility in water, flame color, and action on silver coin after 
fusion. Used somewhat in the arts and sciences. 

Muscovite. — This mineral is commonly called "isin- 
glass," and is composed of potassiimi, aluminimi silicate. 
Generally occurs in flat massive pieces, also in small 
scales or bunches in granite or mica schist, or in many 



I40 PRACTICAL \nNERALOGY SIMPLIFIED 

Other kinds of rocks. Found in many localities, and in 
many geological ages. Color pale gray, brown, yellow- 
ish, etc.; lustre vitreous to pearly; streak white; cleavage 
perfect. The thin sheets are elastic. Hardness 2 to 2.5; 
specific gravity 2.76 to 3. Insoluble in acids. Infusible 
by ordinary methods. Muscovite is the most abundant 
and prominent member of the mica family. It is gener- 
ally distinguished by its color, eminent cleavage, elas- 
ticity, and lighter color than the other micas. The min- 
eral is used for many purposes, such as in stoves and fur- 
naces, in making transparent doors. In electricity, as 
a lubricant, etc. 

Natrolite. — Composed of sodium silicate. Generally 
occurs in slender needle-like crystals, also fibrous and 
massive. Not very widely diffused in nature, especially in 
large deposits. Color generally white or colorless, also 
reddish and yellowish; lustre vitreous; streak white; 
cleavage fairly good; fracture uneven; hardness 5 to 5.5; 
specific gravity 2.2; brittle. Soluble in muriatic acid, 
and forms a gelatinous mass. Fuses very easily, and 
gives the sodium yellow flame color. Also forms a color- 
less glass-like borax when melted. Generally deter- 
mined by means of its shape, color, hardness, action with 
acids, and fusibility, together with its flame color. It 
has little or no economic value. 

Natron. — Composed of sodium carbonate and water. 
Occurs chiefly in solution in the waters of inland lakes, 
etc., or in combination with other sodium rocks and min- 
erals. Color generally white; lustre vitreous to earthy; 
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Streak white; cleavage only fair; hardness i to 1.5; speci- 
fic gravity 1.45; taste alkaline; quite easily fusible. Solu- 
ble in hydrochloric acid, with eflFervescence. Gives the 
yellow sodium flame color. Of no importance as a 
mineral. The artificial product has quite an ex- 
tensive use. 

Nitre {Saltpetre), — Composed of potassium nitrate. 
Occurs as small, needlelike crystals, incrustations, crystals, 
etc. Not very widely distributed in nature. Color gen- 
erally white or colorless, also grayish; lustre vitreous; 
streak white; taste salty and cooling; cleavage quite good; 
fracture uneven; hardness 2; specific gravity 2. Brittle. 
Soluble in water. Not altered upon being exposed to the 
air. Easily fusible and burns quickly, like gun powder, 
with a popping noise. Generally determined by its action 
when placed in a flame. It gives the violet flame color 
of potassium. It is used for several purposes. 

Under this same head, another mineral is known as 
nitre. The latter is generally called "soda nitre," to dis- 
tinguish it from ordinary saltpetre. The soda nitre gives 
some of the same physical tests as nitre, but the flame 
color is an intense yellow. The mineral is found in large 
quantities in Chili, Death Valley, California, and it has 
a wide use in the manufacture of gun powder, and also for 
other purposes. 

Oligoclase, — This mineral is one of the feldspars, and it 
is often difficult to distinguish it from some of the other 
varieties. It is generally more glassy than the other 
varieties, and the variety sunstone is used as a semi- 
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precious gem stone. The other tests and characteristics 
are similar to orthoclase. 

Orthoclase. — ^This mineral belongs to the feldspar family, 
and is the most common or best known member. It is 
composed of potassium, aluminum silicate. Occurs in 
many localities, sometimes in crystals, but generally in 
cleavable masses, with right angle cleavage in two direc- 
tions. Also found quite largely as a rock constituent. 
Color flesh-red, yellowish, gray, green, colorless, etc.; 
lustre vitreous to pearly; streak white; cleavage very good; 
fracture imeven; brittle; hardness 6 to 6.5; specific gravity 
2.45 to 2.62. Insoluble in acids. Not fusible by ordinary 
methods. It is generally determined by its right angle, 
cleavage, hardness, color, and not being .fusible by ordinary 
candle or alcohol lamp flame. The mineral is used in 
making chinaware, as a glaze, etc. 

Ozocerite. — One of the hydro-carbons, and is known in 
nature as natural paraffin or mineral wax. It occurs 
massive in coal beds, other bituminous deposits, in seams 
of rocks, etc. Color white to colorless when pure, but 
seldom foimd pure; generally the color is brownish or 
blackish-brown, also sometimes slightly greenish; lustre 
waxy; streak like color, but lighter; feel greasy; hardness 
very soft; specific gravity .85 to .9 lighter than water. 
Fuses easily, but does not bum readily while fusing. 
Easily cut with a knife, or sectile. Distinguished gener- 
ally by its softness and waxy appearance, and fusibility. 
It is found in Utah in the United States, and has quite a 
large use. Its chief use is in making candles, as an insul- 
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ator in electrical apparatus, for hydrofluoric acid bottles, 
etc. 

Phlogopite. — ^Another member of the mica family. 
Sometimes mistaken for biotite. Often called bronze or 
amber mica. Occurs as crystals, and is called rhombic 
mica, on account of the shape of the crystals. Found 
generally with serpentine, dolomite and crystalline lime- 
stone. It is found in many localities in the United States, 
and elsewhere. Color brownish, yellowish-brown, some- 
times reddish, colorless, greenish, etc.; lustre generally 
pearly, but sometimes nearly metallic; streak white; cleav- 
age like all micas, perfect; hardness 2.5 to 3; specific 
gravity 2.8; elastic. The tests are nearly the same as 
for biotite or muscovite, and it is quite difficult to deter- 
mine the species by simple physical tests. However, it is 
sufficient to determine it as a mica. It has several uses 
similar to other micas. 

Quartz, — Probably the most abundant and common 
mineral on earth. Composed of silicon and oxygen. 
Occurs almost everywhere in one form or another. 
It is found as crystals, massive, incrustation, granular, 
and many other ways. There are many varieties. How- 
ever, only the most important ones will be discussed. 
Color oftentimes colorless, but it is found in practically 
every color; lustre vitreous; streak white; no cleavage; 
fracture uneven to hackly, or breaks to sharp points; also 
conchoidal or shell-shaped; transparent to opaque; hard- 
ness 7; specific gravity 2.6; brittle. Insoluble in ordinary 
acids. Infusible. It is generally determined by its 
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glassy appearance, absence of cleavage, hardness, and 
not being acted upon by acids. The crystals are six- 
sided, and some are very large. 

There are many varieties of quartz, and the following 

are some of the more important kinds. 

Amethyst. — Purple color. This variety loses its color 

when it is heated. Amethyst is used for a gem 

stone, and some of the best is quite valuable. 

Agate. — ^The banded variety. Also the moss agate, 

clouded agate, and several others. 
Carnelian. — ^The quartz colored with oxide of iron. 
Red to brownish-red. Used as a semi-predous 
stone. 
Onyx. — Somewhat similar to agate, but more regular 
and oftentimes more pronounced colors. Used for 
ornamental and decorative purposes. The layers 
are in planes, and not circular or box-like, as in 
agate. . 
Heliotrope, — Is a bright to dark green variety, with 

spots of red iron oxide running through it. 
There are many other varieties, such as the rose quartz, 
with the pink color; milky quartz, chalcedony, jasper, the 
reddish kind; flint, the gray variety; cat's-eye, the opal- 
escent variety, with fibres of asbestos, and many others. 
The quartz family is a large one, and they are all very 
hard, infusible, insoluble minerals, and have a varied use. 
Opal. — Composition is practically the same as quartz, 
except opal contains water, and quartz does not. Opal 
does not crystallize, but quartz does. Opal is softer 
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and lighter than quartz. The mineral occurs massive, 
granular, or as a powder, and there are several varieties. 
Color almost white; no cleavage; hardness 5.5 to 6.5; 
specific gravity 2-1 to 2.2; brittle. The precious opal has 
a beautiful play of colors, and they are bluish, yellowish, 
and milky in color. The fire opal gives out fire reflections. 
The other varieties are diatomaceous earth or the earthy 
variety. Fossilized or opalized wood, and other varieties. 
Generally determined by its glassy appearance like quartz, 
but being softer than quartz, and if heated in a test tube 
or small bottle, water will collect on the upper inside of 
the tube. It is used for many purposes, such as gem 
stones, polishing powders, ornamental work, etc. 

Rhodonite. — Composed of manganese silicate. Occurs 
massive, in crystals, and granular. Found with iron ores 
frequently, also with calcite. Not very widely distributed 
in nature. Color brownish-red, rose-red; lustre vitreous; 
streak white; cleavage fairly perfect; fracture uneven to 
shell-shaped. Hardness 5.5 to 6.5; specific gravity 3.4 to 
3.68; brittle. Slightly soluble in hydrochloric acid. 
Fuses fairly easily, and swells in the process of melting. 
Generally determined by its color, action with acids, 
fusion, and hardness. It has little or no economic value. 

Serpentine. — Composed of hydrogen, magnesium sili- 
cate, with sometimes iron present. This mineral occurs 
massive, fine granular, and also fibrous. It is never found 
as crystals. Color generally green of the common, also 
yellowish, brownish, blackish, etc. ; lustre greasy to waxy, 

also silky; streak white; cleavage sometimes fairly good, 
10 
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at other times absent; fracture often, shell-shaped; hard- 
ness 2.5 to 4; specific gravity 2.5; brittle. Partially solu- 
ble in hydrochloric acid. Rather hard to fuse. (Jener- 
ally determined by means of its color and hardness. 
There are several varieties of serpentine, and one of the 
varieties is very finely fibrous, with a silky lustre, resem- 
bling very much the asbestos variety of hornblende. 
Serpentine is found in many locaUties in the United 
States and elsewhere, and is a secondary mineral. The 
fibrous is used for asbestos, and the good green variety, 
found largely in Connecticut, is polished and used as a 
marble and known as "Verd Antique." 

Spinel. — Also known as " Balas Ruby." Composed of 
magnesium, aluminum, and oxygen. Generally occurs 
as crystals, and the crystals are usually the double-faced 
pyramids or octahedrons. Color generally some shade 
of red; lustre vitreous; streak white; little or no cleavage; 
fracture shell-shaped; hardness 8; cannot be scratched by 
quartz; specific gravity 3.5 to 4.5 ; brittle. Found in lime- 
stones and igneous rocks. Not foimd in many localities 
in the United States, but quite abundant in Ceylon, Ber- 
muda, Sweden, and other foreign countries, especially in 
the sands and gravels of the rivers. Not generally soluble 
in acids. Infusible. Quite often determined by its color, 
shape, and hardness, and also by its infusibility and in- 
solubility in acids. Spinel resembles garnet ver;' much, 
especially as to color and hardness. However, garnet 
generally occurs as twelve- or more faced figures, 
while spinel has generally but eight. Garnet is gen- 
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erally softer than spinel, more easily fusible, and often 
will form a gelatinous mass with muriatic acid, if the 
acid is used after the mineral has been fused. Spinel 
will give none of these tests. Garnet is also very common 
in igneous regions, especially in mica schist. Spinel is 
used for gem stones, especially the transparent variety. 

Spodumene. — Composed of Uthium, aluminum silicate. 
Occurs generally as crystals, sometimes quite large, also 
massive. Color of the small crystals, generally emerald 
green, of the other varieties various colors, such as white, 
pale green, pink, etc.; lustre vitreous; streak white; cleav- 
age good; fracture uneven; hardness 6.5 to 7; specific 
gravity 3.2; brittle. Not soluble in acids. Fairly easily 
fusible. Swells up as it fuses, and colors the flame a very 
deep red, or the flame color of lithium. Spodumene 
may generally be determined by its cleavage and purple- 
red flame color. It is found in igneous rocks in several 
localities in the United States and elsewhere. The large 
crystals of this mineral are mined quite largely and used 
as a source of lithium, while some of the smaller varieties, 
that have an excellent color, are used as gems. 

Staurolite, — ^This mineral is a fairly complex aluminum 
silicate. It occurs as crystals, generally diamond-shaped, 
and is sometimes called the "cross of rock," as when the 
crystals are cut they show a whitish-colored cross. Color 
brown, blackish, and grayish; lustre vitreous; streak white; 
cleavage not distinct; fracture sometimes shell-shaped; 
hardness 7 to 7.5; specific gravity 3.65; brittle. Insoluble 
in muriatic acid. Infusible. Generally determined by 
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means of its hardness and peculiar cross-like arrange- 
ments when the crystals are cut crosswise. Staurolite 
is found quite largely in mica schist, the same as garnet 
and a few other minerals. It has little or no commercial 
value. 

Strontianik. — ^This mineral is composed of strontiimi 
carbonate, and occurs generally massive but also as 
crystals. Color often a pale greenish or yellowish-white, 
also grayish-white and colorless; lustre vitreous; streak 
white; cleavage quite perfect; fracture uneven; hardness 
3.5 to 4; specific gravity 3.7; brittle. Not easily fusible. 
When placed in a very hot flame the sharp edges fuse, 
and impart to the flame a deep red color, due to tte 
presence of strontium. It is soluble in muriatic acid 
with effervescence, and if placed in the flame while effer- 
vescing, the flame color is readily obtained. Strontianite 
may be mistaken for calcite, celestite, and barite. How- 
ever, neither celestite nor barite effervesces in acid. Cal- 
cite is also lighter than strontianite. This mineral can 
almost always be determined by means of its high specific 
gravity for a mineral with a vitreous lustre; by its crimson 
flame color; and by its effervescence in muriatic acid. 
Strontianite is not found in many localities in the United 
States in commercial quantities. It is the principal source 
of the strontium salts which are used in fireworks, and 
it is also used in the manufacture of sugar. 

Sulphur. — This mineral is composed of pure sulphur, 
with, of course, other elements present; also many times 
mixed with clay. The mineral occurs more generally in 



NON-METALLIC MINERALS 149 

the beds of gypsum or near active or dormant volcanoes, 
and is found massive, crystallized, and as a powder. 
There are but few localities in the United States where 
sulphur is found, and the largest of these has been formed 
by the decomposition of gypsum. Sicily is the greatest 
source of sulphur supply, not only for the United States, 
but elsewhere. Color generally some shade of yellow, 
but it may sometimes be brownish or grayish; lustre resin- 
ous to fatty; streak a very pale yellow, almost white; 
cleavage very poor; fracture sometimes shell-shaped, in 
other specimens uneven; hardness 1.5 to 2.5; specific 
gravity 2.05 ; brittle. Insoluble in acids. Fuses very 
easUy, and burns with a blue flame, giving off a suffocating 
odor, similar to burning brimstone or slowly burning 
matches. This mineral will not be hard to determine, as 
sulphur is so familiar to every one that it will be very 
easily recognized. Sulphur is used in making matches, 
in making sulphuric acid, rubber goods, medicine, and 
other purposes. It is valued at about $22.00 per ton for 
the domestic variety. 

SylvUe. — Composed of potassium chloride, and very 
much resembles halite or common salt. Generally occurs 
as transparent cubes, but also massive. The mineral is 
not found in many localities, and generally occurs near 
the vents of volcanoes. Color often white or colorless, 
also reddish and sometimes slightly bluish; lustre vitreous; 
streak white; cleavage perfect and cubical; fracture uneven; 
tastes almost like common salt; hardness 2; specific 
gravity 1.98; brittle. Soluble in muriatic acid, and also 
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in water. Fuses easily, and colors the flame violet 
This last or flame color is one of the tests that distinguishes 
the mineral from halite or common salt. Sylvite has little 
or no economic value. 

Talc. — Composed of hydrogen, magnesiimi silicate. 
Occurs generally massive, also fibrous. A secondary 
mineral, and is found in only a few localities in the United 
States. It is an alteration product of some of the micas, 
pyroxene, etc. There are several varieties of talc, chief 
among them being steatite and French chalk. Color 
of the talc proper generally a very delicate green to 
greenish-white, the other colors are grayish and brown- 
ish; lustre pearly, waxy, dull, and sometimes earthy; 
streak white; cleavage very good, thin layers flexible; sec- 
tile; greasy feel; hardness i; specific gravity 2.55 to 2.87. 
The talc proper, can be determined by its greenish color, 
pearly lustre, unctuous feel, cleavage, hardness, and being 
sectile and flexible. This mineral is insoluble in adds, 
and is infusible. SteatUe. — This is one of the varieties 
of talc, and is massive, with generally a gray color, and 
slightly harder than talc proper. Steatite is used for many 
purposes, such as crayon, lavatories, table-tops, stove- 
linings, etc. French Chalk, — ^Is a very pure steatite. It 
is white and compact, and is used largely by tailors for 
marking cloth. The talc minerals, as a whole, can gener- 
ally be distinguished by their hardness, being easily cut, 
and their being unctuous. Also non-fusible, and not 
acted upon by acids. The domestic . variety of talc is 
worth from $12 to $20 per ton in New York City. 
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Topaz, — One of the gem stones, and composed of 
fluorine, aluminum silicate. Found as crystals and also 
massive. The mineral occurs usually in igneous rocks, 
associated with mica, beryl, tourmaline, apatite, etc. 
Color often yellowish, also colorless, white, bluish, etc.; 
lustre vitreous; streak white; cleavage perfect; fracture 
imeven; hardness 8; specific gravity 3.4 to 3.65; 
brittle. Not acted upon by acids. Infusible. Gener- 
ally determined by its color, hardness, and cleavage. 
When perfect and transparent, this mineral is used as 
a gem stone. 

Tourmaline. — Another semi-gem stone. Very com- 
plex in its composition, and generally occurs as crystals in 
granite, gneiss, mica schist, limestone, etc. Color of the 
most common, almost always black or brown; of the 
other varieties reddish, greenish, etc. ; lustre almost always 
vitreous; streak white; little or no cleavage; fracture 
uneven; hardness 7 to 7.5; specific gravity 3; brittle. 
Rather hard to determine, but can often be determined 
by its color, crystal form, occurrence in granite, mica 
schist, etc., and its hardness, insolubility, and infusi- 
bility, and generally the shining surface lustre of the 
crystals. The crystals are usually long and slim, and 
striated lengthwise, with rounded comers. Found in 
several localities, but the variety that is more or less 
valuable is rather restricted. The mineral is used as a 
gem stone, and some of the other kinds are used for a 
few other purposes. 

Turquoise, — This is another gem stone, and practi- 
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cally its sole use. Generally found in nodular masses, 
also in seams, and as incrustations. The mineral is 
found very frequently in igneous rocks. Composed of 
aluminum, hydrogen phosphate. Color usually sky- 
blue and greenish; lustre wax-like; streak white or pale 
green; no cleavage; fracture uneven; brittle; hardness 6; 
specific gravity 2.6 to 2.8; soluble in hydrochloric acid. 
It will give almost always the green flame color if the 
mineral is scraped into a candle flame, due to the presence 
of copper, which gives the mineral its color. This min- 
eral is determined by means of its flame color, hardness — 
as the hardness is much higher than chrysocolla, the 
mineral for which it is oftentimes taken — color, and action 
with muriatic acid. Turquoise is found in four or 
five states in the United States, and in one or two of 
these it is mined. The mineral is quite valuable as a 
gem stone. 

Ulexite. — Composed of calcium, sodium borate. Often 
occurs nodular or as rounded masses, which are quite 
friable. Found with salt, gypsum, borax, etc. Gener- 
ally formed from the evaporation of water, and there- 
fore more abundant in the lakes and on the lake shores 
of semi-arid regions Found largely in western United 
States. Color white; lustre silky; streak white; no definite 
cleavage, but the nodules break up into delicate acicular 
crystals; hardness i; specific gravity 1.65; brittle; soluble 
in acids. Fuses easily, and gives a clear glass, swells up 
while fusing, and colors the flame yellow, like the flaitie 
of salt. Generally determined by means of its form 
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color, hardness, action witli acids, and flame color. It 
is used in the manufacture of borax. 

WUherUe. — Composed of barium carbonate. Occurs 
massive, and also as crystals; the crystals very much 
resemble the crystals of quartz in shape. Found in veins 
with ores of silver and lead. It is not found in any large 
deposits in the United States. Color white to gray; 
lustre vitreous; streak white; cleavage only fair; fracture 
uneven; hardness 3 to 4; specific gravity 4.3 +; brittle. 
Soluble in hydrochloric acid with effervescence. Fuses 
easily, and gives to the flame the yellowish-green color 
of barium. This mineral resembles several others, but 
it can practically always be determined from the others 
and identified as witherite by means of its specific gravity 
— quite high for a non-metallic mineral — effervescence in 
acids, and yellowish-green flame color. Witherite is used 
as a paint pigment, etc. 

Wollastonite. — Composed of calcium silicate. Often 
occurs massive, and also as crystals. Found in igneous 
rocks and limestones, associated with calcite, garnet, etc. 
Color generally white to gray, also yellowish and brownish; 
lustre vitreous; streak white; cleavage fairly good; frac- 
ture uneven; hardness 4.5 to 5; specific gravity 2.8; brittle. 
Soluble in muriatic acid, and owing to the close association 
between this mineral and calcite, it usually effervesces 
with acids. It always gelatinizes with hydrochloric acid. 
Not fusible by ordinary means. Gives a red flame color. 
Determined by its gelatinizing with acids, flame color, and 
non-fusibility. Of little or no commercial value. 
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Zircon, — Composed of zircon silicate. Usually occurs 
in square prisms, generally small, but seldom without 
flaws of some kind. It is found in igneous rocks, lime- 
stones, and river gravels. The mineral has quite a wide 
range of localities, but only as scattered crystals. Color 
generally brown to yellowish, also reddish, greenish, etc. ; 
lustre adamantine; streak white; cleavage not good; 
hardness 7.5; specific gravity 4.7; brittle. Insoluble in 
acids, and infusible. Determined usually by means of 
the shape of its crystals, hardness, color, lustre, and not 
acted upon by acids. The mineral is used to some 
extent in incandescent lights. Some of the varieties, 
especially those of pronounced colors, are used as semi- 
precious stones. Zircon is not, however, an extremely 
valuable mineral. 

In closing a work of this kind, the writer fully realizes 
that he has omitted many tests that probably should 
have been included. He has also included many that 
probably should have been omitted. He has endeav- 
ored, however, throughout the entire discussion, to make 
plain the simple but vital points in the identification of 
the minerals. Other minerals, probably, should have 
been added, some that have been discussed probably 
could well have been left out; but it is oftentimes hard to 
draw the line between the importance of two minerals 
somewhat alike, and there are not a few of these. In 
writing this work the writer has had the untrained miner- 
alogist in mind at all times, and, as mentioned in the 
beginning, the discussion of these minerals is meant to be 
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primarily and purely practical. If the tests are carefully 
applied and reasonably interpreted, most people should be 
able to determine most of the minerals discussed. 

The writer has summarized the general properties of 
all of the minerals discussed, in a simple table, to appear 
in the next chapter. 



Chapter X 
PRACTICAL MINERALOGY— SIMPLIFIED 

The following tabulations are intended to be of assist- 
ance in the rapid and easy identification of many of the 
minerals. Most of the characteristic properties of all 
of the minerals in the text have been included here. By 
taking a mineral and comparing its properties with cor- 
responding properties in the tabulations, one can often- 
times quickly identify the mineral. Many tests and proper- 
ties have, of necessity, been omitted; hence for all of the 
properties, and a more careful study of each mineral, 
the discussion in the text should be consulted. 
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Hayford's Text-book of Geodetic Astronomy , . .8vo,/ 3 00 

Hosmer's Azimuth 16mo, mor. 1 00 

♦ Text-book on Practical Astronomy 8vo, 2 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

Rust's Ex-meridian Altitude. Azimuth and Star-Finding Tables 8vo, 5 00 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 6 00 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 25 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 

Armsby's Principles of Animal Nutrition 8vo, 4 00 

Arnold's Compendium of Chemistry. (Mandel.) Large 12mo, 3 50 

3 



Association of State and National Pood and Dairy Departments, Hartford 

Meeting. 1906 8vo, S3 00 

Jamestown Meeting, 1907 8vo, 3 00 

Austen's Notes for Chemical Students 12mo, 1 50 

Baskerville's Chemical Elements. (In Preparation.) 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule 12mo, 2 50 

* Biltz's Introduction to Inorganic Chemistry. (Hall and Phelan.). . . 12mo, 1 25 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo, 3 00 

* Bingham and White's Laboratory Manual of Inorganic Chemistry . . 12mo. 1 00 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 1 00 

* Browning's Introduction to the Rarer Elements Svo, 1 50 

* Butler's Handbook of Blowpipe Analysis 16mo, 75, 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) Svo, 3 00* 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

C^hn's Indicators and Test-papers 12mo, 2 00 

Tests and Reagents 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo 1 25 

Dannerth's Methods of Textile Chemistry 12mo, 2 00 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Effront's Enzymes and their Application's. (Prescott.) 8vo, 3 00 

Eissler's Modem Hig^ Explosives 8vo. 4 00 

* Fischer's Oedema 8vo, 2 00 

♦ Physiology of Alimentation Large 12mo, 2 (X) 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols Svo, 12 50 

When Sold Separately, Vol. I. $6. Vol. II, SS. 

Fuertes's Water and Public Health 12mo, 1 60 

Furman and Pardee's Manual of Practical Assaying.- Svo, 3 (X) 

* Getman's Exercises in Physical Chemistry 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo. 1 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) 12mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) Svo, 4 00 

Hanausek's Microscopy of Technical Products. (Win ton. ) Svo, 5 OO 

* Haskins and Macleod's Organic Chemistry 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol , Svo, 4 00 

Hinds's Inorganic Chemistry Svo. 3 00 

* Laboratory Manual for Students 12mo, 1 (K) 

* Holleman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker. ) 1 2mo. 1 00 

Text-book of Inorganic Chemistry. (Cooper.) Svo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) Svo, 2 50 

* HoUey's Lead and Zinc Pigments Large 12mo, 3 00 

HoUey and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large 12mo, 2 50 

Hopkins's Oil-chemists' Handbook Svo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .Svo, 1 25 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel- 
making Alloys and Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3-00 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) 12mo, 1 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control Svo, 7 50 

Ldb's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. Svo, 3 (X) 

Low's Technical Method of Ore Analysis. Svo, 3 00 

Lowe's Paint for Steel Structures 12mo, 1 00 

Lunge's Techno-chemical Analysis, ((^hn.) 12mo, 1 00 
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♦ McKay and Larsen's Principles and Practice of Butter-making 8vo, 

Maire's Modem Pigments and their Vehicles 12mo, 

Mandel's Handbook for Bio-chemical Laboratory 12mo. 

♦Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo, 

Mason's Examination of Water. (Chemical and Bacteriological.) 12mo, 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 

• Mathewson's First Principles of Chemical Theory 8vo, 

Matthews's Laboratory Manual of Dyeing and Textile Chemistry 8vo, 

Textile Fibres. 2d Edition, Revmtten 8vo, 

♦ Meyer!s Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition 12mo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mo, 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 

Mixter's Elementary Text-book of Chemistry 12mo, 

Morgan's Elements of Physical Chemistry 12mo, 

Outline of the Theory of Solutions and its Results 12mo, 

* Physical Chemistry for Electrical Engineers 12mo, 

♦ Moore's Outlines of Organic Chemistry 12mo, 

Morse's Calculations used in Cane-sugar Factories 16mo, mor. 

• Muir's History of Chemical Theories and Laws 8vo, 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. (impounds of Carbon with Hydrogen and Oxygen. Large 8vo, 

Vol, II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The (^mmercial Dyestuffs Large 8vo, 

* Nelson's Analysis of Drugs and Medicines 12mo, 

Ostwald's (Conversations on Chemistry. Part One. (Ramsey.) 12mo, 

Part Two. (TumbuU.) 12mo. 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 

• Palmer's Practical Test Book of Chemistry 12mo, 

• Pa.uli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production 8vo, 

Pictet's Alkaloids and their Chemical (institution. (Biddle.) 8vo, 

Poole's Calorific Power of Fuels 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

♦ Reisig's Guide to Piece-Dyeing 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo. 

Ricketts and Miller's Notes on Assaying 8vo. 

Rldeal's Disinfection and the Preservation of Food 8vo, 

Sewage and the Bacterial Purification of Sewage 8vo, 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo. 

Ruddiman's Incompatibilities in Prescriptions 8vo, 

Whys in Pharmacy 12mo, 

* Ruer's Elements of Metallography. (Mathewson.) 8vo. 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo. 

Schimpf 's Essentials of Volumetric Analysis 12mo, 

Manual of Voltunetric Analysis. (Fifth Edition, Rewritten) 8vo, 

* Qualitative Chemical Analysis 8vo, 

♦ Seamon's Manual for Assayers and Chemists Large 12mo 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 

Stockbridge's Rocks and Soils 8vo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 

* Tillman's Descriptive General Chemistry 8vo, 

* Elementary Lessons in Heat 8vo, 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 

Quantitative Analysis. (Hall.) 8vo, 
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Tumeiure and Russell's Public Water-supplies 8vo, 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.y 12mo, 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo, 

Vol.11 8vo, 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 

* Weaver's Military Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Whipple's Microscopy of Drinking-water 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

Wm ton's Microscopy of Vegetable Foods 8vo, 

Zsigmondy's Colloids and the Ultramicroscope. (Alexander.).. Large 12mo. 

CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 5 00 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

Bixby's Graphical (k)mputing Table Paper 19 J X 24 J inches. 25 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Davis's Elevation and Stadia Tables 8vo, 1 00 

Elliott's Engineering for Land Drainage 12mo, 1 50 

* Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Photographic Methods and Instruments 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy. 8vo, 2 50 

Goodhue's Municipal Improvements 12mo, 1 50 

* Hauch and Rice's Tables of Quantities €or Preliminary Estimates. . . 12mo, 1 25 

Haj^ord's Text-book of Geodetic Astronomy 8vo, 3 00 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 2 50 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Howe's Retaining Walls for Earth 12mo, 1 25 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 25 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 1 50 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo, 3 50 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

* Mahan's Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors 16mo, mor. 2 00 

Nugent's Plane Surveying 8vo, 3 50 

Ogden's Sewer (instruction 8vo, 3 00 

Sewer Design .^ , 12mo, 2 00 

Parsons's Disposal of Municipal kefuse 8vo, 2 00 

Patton's Treatise on Civil Engineering 8vo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4to, 5 06 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 4 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo. 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 1 50 
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Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

Sop)er's Air and Ventilation of Subways 12mo, 

* Tracy's Exercises in Siirveying 12mo, mor. 

Tracy's Plane Surveying 16mo, mor. 

* Trautwine's Civil Engineer's Pocket-book 16mo, mor. 

Venable's Garbage Crematories in America 8vo, 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Contracts 8vo, 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 

Sheep, 
Warren's Stereotomy — Problems in Stone-cutting 8vo, 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2jX5t inches, mor. 

* Enlarged Edition, Including Tables mor. 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 
Wilson's Topographic Surveying 8vo, 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges.. 8vo, 

* Thames River Bridge Oblong paper, 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 

Influence Lines for Bridge and Roof Computations 8vo, 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 

Foster's Treatise on Wooden Trestle Bridges 4to, 

Fowler's Ordinary Foundations 8vo, 

Greene's Arches in Wood, Iron, and Stone 8vo, 

Bridge Trusses 8vo, 

Roof Trusses 8vo, 

Grimm's Secondary Stresses in Bridge Trusses t^vo. 

Heller's Stresses in Structures and the Accompanying Deformations.. . .8vo, 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo. 

Symmetrical Masonry Arches 8vo, 

Treatise on Arches 8vo, 

♦ Hudson's Plate Girder Design 8vo, 

♦ Jacoby's Structural Details, or Elements of Design in Heavy Framing, 8vo, 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 

♦ Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures. New Edition. Part 1 8vo, 

* Part II. New Edition 8vo, 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 

Part II. Graphic Statics 8vo, 

Part III. Bridge Design 8vo, 

Part IV. Higher Structures 8vo, 

Sondericker's Graphic Statiss, with Applications to Trusses, Beams, and 
Arches 8vo, 

Waddell's De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 

* Specifications for Steel Bridges 12mo, 

Waddell and Harrington's Bridge Engineering. (In Preparation.) 



HYDRAULICS. 

Barnes's Ice Formation 8vo. 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 6 00 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, 1 50 

Hydraulic Motofi 8vo, 2 00 
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Coffin's Graphical Solution of Hydraulic Problems 16mo. mor. $2 50 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

Folwell's Water-supply Engineering 8vo, 4 06 

Frizcll's Water-power 8vo, 6 00 

Fuertes's Water and Public Health 12mo, 1 50 

Water-filtration Works 12mo. 2 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo. 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 60 

Filtration of Public Water-sapplies Svo, 3 00* 

Hazelhurst's Towers and Tanks for Water-works Svo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large. Riveted. Metal 

Conduits Svo, 2 00 

Hoyt and Grover's River Discharge Svo, 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance. " 

Svo, 4 00 

* Lyndon's Development and Electrical Distribution of Water Power. 

Svo, 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) Svo, 4 00 

Merriman's Treatise on Hydraulics Svo, 5 00 

* Molitor's Hydraulics of Rivers, Weirs and Sluices Svo, 2 00 

* Morrison and Brodie's High Masonry Dam Design .Svo, 1 50 

* Richards's Laboratory Notes on Industrial Water Analysis Svo, 50 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition. Revised and Enlarged Large Svo, 6 00 

* Thomas and Watt's Improvement of Rivers 4to, 6 00 

Tumeaure and Russell's Public Water-supplies Svo, 5 00 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged 4to, 6 00 

Water-Supply of the City of New York from 1658 to 1S95 4to. 10 00 

Whipple's. Value of Pure Water Large 12mo, 1 00 

Williams and Hazen's Hydraulic Tables Svo. 1 50 

Wilson's Irrigation Engineering Svo, 4 00 

Wood's Turbines Svo. 2 50 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements Svo, 

Treatise on Masonry Construction Svo, 

Black's United States Public Works Oblong 4to, 

Blanchard's Bituminous Roads. (In Preparation.) 

Bleininger's Manufacture* of Hydraulic Cement. (In Preparation.) 

♦ Bovey's Strength of Materials and Theory of Structures Svo, 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Bjrme's Highway (instruction Svo, 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 

Church's Mechanics of Engineering Svo, 

Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics. Statics, Kinetics Small 4to. 

Vol. II. The Stresses in Framed Structures, Strength of Materials and 
Theory of Flexures *....., Small 4to, 

♦ Eckel's Cements, Limes, and Plasters Svo, 

Stone and Clay Products used in Engineering. (In Preparation.) 
Fowler's Ordinary Foundations Svo, 

♦ Greene's Structural Mechanics Svo, 

♦ Holley's Lead and Zinc Pigments Large 12mo, 

Holley and Ladd's Analysis of Mixed Paints, Color Pigments and Varnishes. 

Large 12mo, 

♦ Hubbard's Dust Preventives and Road Binders Svo, 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 

Johnson's (J. B.) Materials of Construction Large Svo, 

Keep's Cast Iron Svo. 

Lanza's Applied Mechanics «... Svo, 

owe's Paints for Steel Structures • . . . 12mo, 
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Maire's Modem Pigments and their Vehicles 12mo. 

Maurer's Technical Mechanics 8vo. 

Merrill's Stones for Building and Decoration .8vo. 

Merriman's Mechanics of Materials » . 8vo, 

* Strength of Materials 12mo, 

Metcalf 's Steel. A Manual for Steel-users 12mo. 

Morrison's Highway Engineering. . ; 8vo, 

Murdock's Strength of Materials. (In Press.) 

Patton's Practical Treatise on Foundations 8vo. 

Rice's Concrete Block Manufacture 8vo, 

Richardson's Modem Asphalt Pavement 8vo, 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo,mor. 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) ,. 16mo, mor. 

Handbook for Superintendents of Construction 16mo, mor. 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

* Ries's Clays : Their Occurrence. I*roperties, and Uses 8vo. 

* Ries and Leighton's History of the Clay-working Industry of the United 

States 8vo. 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 

* Smith's Strength of Material 12mo 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement 12mo, 

Text-book on Roads and Pavements 1 2mo. 

* Taylor and Thompson's Extracts on Reinforced Concrete Design 8vo, 

Treatise on Concrete, Plain and Reinforced . , 8vo, 

Thurston's Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy. . . . 8vo, 

Part II. Iron and Steel 8vo. 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

* Ttautwine's Omcrete, Plain and Reinforced 16mo, 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction. 

Second Edition, Revised and Enlarged 8vo, 

Waterbury's Conent Laboratory Manual 12mo, 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X6 inches, mor. 1 25 

Berg's Buildings and Structures of American Railroads 4to, 5 09 

Brooks's Handbook of Street Railroad Location 16mo. mor. 1 50 

Burt's Railway Station Service (In Press.) 12mo, 

Butts's Civil Engineer's Field-book 16mo, mor. 2 60 

Crandall's Railway and Other Earthwork Tables 8vo, 1 60 

Crandall and Barnes's Railroad Surveying 16mo, mor. 2 00 

* Crockett's Methods for Earthwork Computations 8vo, 1 50 

Dredge's History of the Pennsylvania Railroad. ( 1879) Paper, 6 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . 16mo, mor. 2 50 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, 1 00 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geodesy 

Ifimo, mor. 1 50 

Molitor and Beard's Manual for Resident Engineers 16mo, 1 00 

Nagle's Field Manual for Railroad Engineers 16mo, mor. 3 00 

* Orrock's Railroad Structures and Estimates 8vo, 3 00 

Philbrick's Field Manual for Engineers 16mo, mor. 3 00 

Raymond's Railroad Field Geometry 16mo, mor. 2 00 

Elements of Railroad Engineering 8vo, 3 50 

Railroad Engineer's Field Book. (In Preparation.) 
Roberts' Track Formulae and Tables 16mo, mor. 3 00 
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Searles's Field Engineering 16mo. mor. 

Railroad Spiral Idmo, mor. 

Taylor's Prismoidal Formulae and Earthwork 8vo, 

♦ T -autwine's Field Practice of Laying Out Circular Curves for Railroads. 

12mo, mor. 

* Method of Calculating the Cubic Contents of Excavations and Em- 
bankments by the Aid of Diagrams 8vo, 

Webb's Economics of Railroad Construction Large 12mo, 

Railroad Construction 16mo, mor. 

Wellington's Economic Theory of the Location of Railways Large 12mo, 

Wilson's Elements of Railroad-Track and Construction 12mo. 



DRAWING 

Barr's Kinematics of Machinery 8vo, 2 5o 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 1 50 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 60 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to. 2 50 

Durley's Kinematics of Machines 8vo. 4 00 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part L Kinematics of Machinery 8vo, 1 50 

Part IL Form, Strength, and Proportions of Parts 8vo, 3 00 

Kaup's Text-book on Machine Shop Practice. (In Press.) 

* Kimball and Barr's Machine Design 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics; or. Practical Mechanism 8vo, 5 00 

Mechanical Drawing. 4to, 4 00 

Velocity Diagrams 8vo, 1 50 

McLeod's Descriptive Geometry Large 12mo, 1 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50 

Industrial Drawing. (Thompson.) 8vo, 3 50 

Moyer's Descriptive (geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.. 8vo, 3 00 

Robinson's Principles of Mechanism , 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 60 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Drafting Instruments and Operations 12mo, 1 25 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 GO 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo. 1 00 

Manual of Elementary Projection Drawing 12mo, 1 60 

Plane Problems in Elementary Geometry ICmo, 1 25 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo. 5 00 

Wilson's (H. M.) Topographic Surveying 8vo. 3 50 

* Wilson's (V. T.) Descriptive Geometry 8vo, 1 50 

Free-hand Lettering 8vo, 1 00 

Free-hand Perspective • • 8vo, 2 60 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 
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ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 

Andrews's Hand-book for Street Railway Engineering 3X5 inches, mor. 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 

Anthony and Brackett's Text-book of Physics. (Magie.). .. .Large 12mo, 

Benjamin's History of Electricity 8vo, 

Betts's Lead Refining and Electrolysis 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Manual of Wireless Telegraphy and Telephony 12mo, 

Crehore and Squier's Polarizing Photo-chronograph 8vo. 

* Danneel's Electrochemistry. (Merriam.) 12mo, 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Plather's Dynamometers, and the Measurement of Power 12mo, 

* Getman's Introduction to Physical Science 12mo, 

Gilbert's De Magnete. (Mottelay ) 8vo, 

* Hanchett's Alternating Currents 12mo, 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 

Holman s Precision of Measurements 8vo, 

Telescopic Mirror-scale Method, Adjustments, and Tests.. . .Large 8vo, 
I* Hutchmson's High-Efhciency Electrical Illuminants and Illumination. 

Large 12mo, 
Karapetofi's Experimental Electrical Engineering: 

* Vol. i 8vo. 

* Vol. II 8vo, 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelier's High- temperature Measurements. (Boudouard — Burgess.) 

12mo, 
Ldb's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

* Lyndon's Development and Electrical Distribution of Water Power. .8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols, I .and II. 8vo, each, 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo 

Morgan's Outline of the Theory of Solution and its Results 12mo, 

* Physical Chemistry for Electrical Engineers 12mo, 

* Norris's Introduction to the Study of Electrical Engineering. .^ 8vo, 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). .8vo, 2 00 

Ryan, Norris and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 60 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat 8vo, 1 50 

* Timbie's Elements of Electricity Large 12mo, 2 GO 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Waters's Commercial Dynamo Design. (In Press.) 

LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 5 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

* Dudley's Military Law and the Procedure of Courts-martial. . L^rge 12mo, 2 50 

Manual for Osurts-martial 16mo, mor. 1 60 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 60 
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Wait's Law of Contracts 8vo, $3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture. , 8vo, 5 00 

Sheep, 6 50 



MATHEMATICS 

Baker's Elliptic Functions 8vo, 1 60 

Briggs's Elements of Plane Analytic Geometry. (Bdcher.) 12mo, 1 00 

* Buchanan's Plane and Spherical Trigonometry 8vo, 1 00 

Byerly 's Harmonic Functions , 8vo 1 00 

Chandler's Elements of the Infinitesimal Calculus 12mo, 2 00 

* Coffin's Vector Analysis 12mo, 2 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 

* Dickson's College Algebra Large 12mo, 1 50 

* Introduction to the Theory of Algebraic Equations Large 12mo, 1 25 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Fiske's Functions of a Complex Variable 8vo, 1 00 

Halsted's Elementary Synthetic Geometry 8vo, 1 50 

Elements of Geometry 8vo, 1 75 

* Rational Geometry 12mo 1 50 

Synthetic Projective Geometry 8vo, 1 00 

* Hancock's Lectures on the Theory of Elliptic Functions 8vo, 5 00 

Hyde's Grassmann's Space Analysis 8vo, 1 00 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 16 

* 100 copies, 5 00 

♦ Mounted on heavy cardboard. 8 X 10 inches, 25 

* 10 copies, 2 00 
Johnson's (W. W.) Abridged Editions of DiflEerential and Integral Calculus. 

Large 12mo, 1 vol. 2 60 

Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

Differential Equations 8vo, 1 00 

Elementary Treatise on Differential Calculus Large 12mo, 1 50 

Elementary Treatise on the Integral Calculus Large 12mo, 1 50 

♦ Theoretical Mechanics , 12mo, 3 00 

Theory of Errors and the Method of Least Squares 12mo, 1 50 

Treatise on Differential Calculus .• Large 12mo, 3 00 

Treatise on the Integral Calculus Large 12mo, 3 00 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 3 50 

Karapetoff 's Engineering Applications of Higher Mathematics. (In Preparation.) 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

* Trigonometry and Tables published separately Each, 2 00 

Macfarlane's Vector Analysis and Quaternions 8vo, 1 00 

McMahon's Hyperbolic Functions 8vo, 1 00 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12mo, 1 25 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 00 

No. 1. History of Modem Mathematics, by David Eugene Smith. * 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo 4 00 

Merriman's Method of Least Squares 8vo 2 00 

Solution of Equations .8vo 1 00 
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* Moritz's Elements of Plane Trigonometry 8vo. $2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo. 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modem Mathematics 8vo, 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2|X5| inches, mor. 1 00 

* Enlarged Edition. Inclu4ing Tables mor. 1 50 

Weld's Determinants 8vo, 1 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, 1 00 



MECHANICAL ENGINEERING. 

MATERIALS OP ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 12mo, 1 50 

Baldwin's Steam Heating for Buildings 12mo. 2 50 

Barr's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing. 8vo, 3 00 

* •* " •• Abridged Ed 8vo. 150 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo. 1 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal. . .8vo, 3 50 
Cari>enter's Experimental Engineering 8vo. 6 00 

Heating and Ventilating Buildings 8vo. 4 00 

* Clerk's The Gas. Petrol and Oil Engine 8vo, 4 00 

Compton's First Lessons in Metal Working 12mo, 1 50 

Compton and De Groodt's Speed Lathe ^. . . 12mo, 1 60 

CooUdge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 50 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey's Machinery Pattern Making. 12mo, 2 00 

Durley's Kinematics of Machines 8vo, 4 00 

Flanders's Gear-cutting Machinery Large 12mo, 3 00 

Flather's Dynamometers and the Measurement of Power 12mo, 3 00 

Rope Driving 12mo. 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo. 1 25 

Goss's Locomotive Sparks 8vo, 2 00 

Greene's Pumping Machinery. (In Press.) 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

* Hobart and Ellis's High Speed Dynamo Electric Machinery. 8vo, 6 00 

Hutton's Gas Engine 8vo, 5 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Gas Engine. 8vo. 4 00 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kaup's Text-book on Machine Shop Practice. (In Press.) 

* Kent's Mechanical Engineer's Pocket-Book 16mo, mor. 5 00 

Kerr's Power and Power Transmission , 8vo, 2 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

Leonard's Machine Shop Tools and Methods §vo, *4 00 

* Levin's Gas Engine 8vo, 4 00 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean)..8vo, 4 00 
MacCord's Kinematics; or Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams. 8vo, 1 50 

MacFariand's Standaid Reduction Factors for Gases. . • 8vo, 1 50 

Mahan's Industrial Drawing. (Thompson.). 8vo, 3 50 
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Mehrtens's Gas Engine Theory and Design Large 12mo, 

Oberg's Handbook of Small Tools Large 12mo. 

* Parshall and Hobart's Electric Machine Design. Small 4to, half leather, 

* Peele's Compressed Air Plant for Mines. Second Edition, Revised and En- 

larged 8vo, 

Poole's Calorific Power of Fuels 8vo, 

* Porter's Engineering Reminiscences, 1855 to 1882 .8vo, 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richards's Compressed Air «. 12mo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Smith's (O.) Press-working of Metals 8vo, 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo, 

* Tillson's Complete Automobile Instructor 16mo, 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 

Warren's Elements of Machine Construction and Drawing 8vo, 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2iX5i inches, mor. 

* Enlarged Edition, Including Tables mor. 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) 8vo, 

Machinery of Transmission and Governors. (Hermann — Klein.) . .8vo, 
Wood's Turbines. 8vo, 



MATERIALS OF ENGINEERING. 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Church's Mechanics of Engineering 8vo, 6 00 

* Greene's Structural Mechanics 8vo, 2 50 

* Holley's Lead and Zinc Pigments Large 12mo 3 00 

Holley and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 

Large 12mo, 2 50 
Johnson's (C. M.) Rapid Methods for the ChemicaA Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large 12mo, 3 00 

Johnson's (J. B.) Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

Lowe's Paints for Steel Structures ' . . . 12mo, 1 00 

Maire's Modem Pigments and their Vehicles 12mo, 2 00 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8vo, 5 00 

* Strength of Materials 12mo, 1 00 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 3 00 

Smith's (A. W.) Materials of Machines 12mo, 1 00 

* Smith's (H. E.) Strength of Material 12mo, 1 25 

Thurston's Materials of Engineering 3 vols., Si^o, 8 00 

Part I. Non-metallic Materials of Engineering 8vo, 2 00 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses. Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Wood's (De V.) Elements of Analytical Mechanics 8vo. 3 00 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 
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STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo, 

Camot's Reflections on the Motive Power of Heat.* (Thurston.) 12mo, 

Chase's Art of Pattern Making ,,..,. 12mo, 

Creighton's Steam-engine and other Heat Motors 8vo, 

Dawson's ''Engineering" and Electric Traction Pocket-book. .. .16mo, mor. 

* Gebhardt's Steam Power Plant Engineering 8vo, 

Goss's Locomotive Performance 8 vo, 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 

Hutton's Heat and Heat-engines 8vo, 

Mechanical Engineering of Power Plants 8vo, 

Kent's Steam Boiler Economy 8vo, 

Kneass's Practice and Theory of the Injector 8vo, 

MacCord's Slide-valves 8vo, 

Meyer's Modem Locomotive Construction 4to, 

Moyer's Steam Turbine 8vo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo, 

ThCTmodynamics of the Steam-engine and Other Heat-engines. . . . 8vo, 

Valve-gears for Steam-engines 8vo, 

Peabody and Miller's Steam-boilers 8vo, 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 12mo, 

Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice 8vo, 

Spangler's Notes on Thermodynamics 12mo, 

Valve-gears 8vo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 

Thomas's Steam-turbines 8vo, 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8vo, 

Handy Tables 8vo, 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 

Manual of the Steam-engine 2 vols., 8vo, 

Part I. History, Structure, and Theory 8vo, 

Part II. Design, Construction, and Operation 8vo, 

Wehrenfennig's Analysis and Softening of Boiler Feed-water. (Patterson.) 

8vo, 

Weisbach's Heat, Steam, and Steam-engines. (Du.Bois.) 8vo, 

Whitham's Steam-engine Design 8vo. 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 



MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 

* Mechanics of Internal Works 8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Elinematics 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II ^ Small 4to, 

♦ Greene's Structural Mechanics 8vo, 

♦ Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo, 

♦ Johnson's (W. W.) Theoretical Mechanics 12mo, 

Lanza's Applied Mechanics 8vo, 
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♦ Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. II, Kinematics and Kinetics. 12mo, 
Maurer's Technical Mechanics 8vo, 

♦ Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8vo, 

♦ Michie's Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism.' 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics. 8vo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

♦ Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

Boldtian's Immune Sera 12mo, 1 50 

Bordet's Studies in Immimity. (Gay.) 8vo, 6 00 

♦ Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 1 50 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00 

♦ Fischer's Oedema 8vo, 2 00 

♦ Physiology of Alimentation Large 12mo, 2 00 

de Pursac's Manual of Psychiatry. (Rosanoff and Collins.).. . .Large 12mo, 2 50 

Hammarsten's Text-book on Physiological Chemistry. (Mandel.) 8vo, 4 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 25 

Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo. 1 50 

♦ Nelson's Analysis of Drugs and Medicines 12mo, 3 00 

♦ Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) ..12mo, 1 26 

♦ Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy 12mo, 1 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorflf.) 8vo, 2 50 

♦ Satterlee's Outlines of Human Embryology 12mo, 1 26 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

♦ Whipple's Tyhpoid Fever. Large 12mo, 3 00 

♦ WoodhuU's Military Hygiene for Officers of the Line Large 12mo, 1 60 

* Personal Hygiene. 12mo, 1 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance. 

and Suggestions for Hospital Architecture, with Plans for a Small 
Hospital. 12mo, 1 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

Bolland's Encyclopedia of Founding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo, 3 00 

Iron Founder 12mo, 2 50 

•• *• Supplement 12mo, 2 50 

♦ Borchers's Metallurgy. (Hall and Hayward.) 8vo, 3 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

♦ Iles's Lead-smelting 12mo, 2 60 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 3 00 

Keep's Cast Iron '. 8vo, 2 60 

Le Chatelier's High- temperature Measurements. (Boudouard — Burgess.) 

12mo, 3 00 

Metcalf 's Steel. A Manual for Steel-users 12mo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 60 
Price and Meade's Technical Analysis of Brass. (In Press.) 

♦ Ruer's Elements of Metallography. (Mathewson.) 8vo, 3 00 
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Smith's Materials of Machines 12mo, $1 00 

Tate and Stone's Foundry Practice 12mo, 2 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo 3 00 

West's American Foundry Practice ' 12mo, 2 50 

Moulders' Text Book 12mo. 2 50 

MINERALOGY. 

Baskerville's Chemical Elements. (In Preparation.) 

♦ Browning's Introduction to the Rarer Elements. 8vo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals 8vo, paper. 

Cloth, 

♦ Crane's Gold and Silver. 8vo, 

Dana's First Appendix to Dana's New *' System of Mineralogy " . . Large 8vo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large 8vo, 

Manual of Mineralogy and Petrography 12mo, 

Minerals and How to Study Them. 12mo, 

System of Mineralogy Large 8vo, half leather. 

Text-book of Mineralogy 8vo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables 8vo, 

Eckel's Stone and Clay Products Used in Engineering. (In Preparation.) 
Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

♦ Groth's The Optical Properties of Crystals. (Jackson.) 8vo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

♦ Hayes's Handbook for Field Geologists Idmo, mor. 

Iddings's Igneous Rocks 8vo, 

Rock Minerals 8vo, 

Johannsen's Determination of Rock-forming Minerals in Thin Sections. 8vo, 

With Thumb Index 

♦ Martin's Laboratory Guide to Qualitative Analysis wit'h the Blow- 

pipe 12mo, 

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 

Stones for Building and Decoration 8vo, 

♦ Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, 

♦ Pirsson's Rocks and Rock Minerals 12mo, 

♦ Richards's Synopsis of Mineral Characters 12mo, mor. 

♦ Rles's Clays: Their Occurrence, Properties and Uses 8vo, 

♦ Ries and Leighton's History of the Clay-working Industry of the United 

States 8vo, 

♦ Rowe's Practical Mineralogy Simplified. .* 12mo, 

♦ Tillman's Text-book of Important Minerals and Rocks 8vo, 

Washington's Manual of the Chemical Analysis of Rocks Svo, 

MINING. 

♦ Beard's Mine Gases and Explosions. Large 12mo, 

♦ Crane's Gold and Silver. Svo, 

* Index of Mining Engineering Literature Svo, 

♦ Svo, mor. 

* Ore Mining Methods Svo, 

Dana and Saunders's Rock Drilling. (In Press.) 

Doufi^'s Untechnical Addresses on Technical Subjects 12mo, 

Eissler's Modem High Explosives Svo, 
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Goesel's Minerals and Metals: A Reference Book Idmo, mor. 

Ihlseng's Manual of Mining 8vo, 

♦ Iles's Lead Smelting , 12mo, 

Peele's Compressed Air Plant for Mines 8vo, 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele. )8vo, 

* Weaver's Military Explosives 8vo, 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 



SANITARY SCIENCE. 

Association of State and National Pood and Dairy Departments, Hartford 

Meeting, 1906 8vo, 

Jamestown Meeting, 1907 8vo, 

* Bashore's Outlines of Practical Sanitation. 12mo, 

Sanitation of a Country House 12mo, 

Sanitation of Recreation Camps and Parks 12mo, 

* Chapin's The Sources and Modes of Infection Large 12mo, 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 

Water-supply Engineering 8vo, 

Fowler's Sewage Works Analyses 12mo, 

Fuertes's Water-filtration Works 12mo, 

Water and Public Health 12mo, 

Gerhard's Guide to Sanitary Inspections 12mo, 

* Modem Baths and Bath Houses 8vo, 

Sanitation of Public Buildings 12mo, 

* The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

8vo, 

Hazen's Clean Water and How to Get It Large 12mo, 

Filtration of Public Water-supplies 8vo. 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 

* Mast's Light and the Behavior of Organisms Large 12mo, 

* Merriman's Elements of Sanitary Engineering 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design 12mo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Price's Handbook on Sanitation 12mo, 

Richards's Conservation by Sanitation 8vo, 

Cost of Cleanness 12mo, 

Cost of Food. A Study in Dietaries 12mo, 

Oast of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

* Richards and Williams's Dietary Computer 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

* Richey's Plumbers', Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo. mor. 

Rideal's Disinfection and the Preservation of Food 8vo, 

Sewage and Bacterial Purification of Sewage 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 

* Typhoid Fever Large 12mo, 

Value of Pure Water Large 12mo, 

Winslow's Systematic Relationship of the Coccaceae. Large 12mo. 
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MISCELLANEOUS. 

* Chapin's How to Enamel 12mo. $1 00 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo 1 50 

Ferrel's Pooular Treatise on the Winds 8vo, 4 00 

Fitzgerald's Boston Machinist 18mo, 1 00 

Gannett's Statistical Abstract of the World 24mo, 75 

Haines's American Railway Management 12mo, 2 50 

Hanausek's The Microscopy of Technical Products. (Winton) 8vo, 5 00 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency 8vo, 3 50 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. 8vo, 5 00 

Putnam's Nautical Charts 8vo, 2 00 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, 3 00 

Rotherham's Emphasised New Testament Large 8vo, 2 00 

• Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables 8vo 5 00 

Standage's Decoration of Wood, Glass, Metal, etc 12mo 2 00 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 2 25 

Westermaier's Compendium of .General Botany. (Schneider) 8vo, 2 00 

Winslow's Elements of Applied Microscopy 12mo, 1 60 



HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half mor, 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 



19 






/ vr 



